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Preface 
This thesis is the result of a research project with a dual origin. The first part of it is a 
long term research program on systems of dental health care in the department of Cari-
ology and Endodontology of the Catholic University of Nijmegen. This program started 
in the late seventies. Ever since then systems of dental health care, and in particular the 
Dutch system, have been subject of study, while using the construction of simulation 
models as a major research tool. 
In 1989 the program got a new impulse by receiving a grant from the Stuurgroep 
Toekomstscenario's Gezondheidszorg (STG) [Steering Committee on Future Health 
Scenarios]. In 1983 the Steering Committee on Future Health Scenarios was set up by 
the Minister of Welfare, Health and Cultural Affairs. The task of the steering committee 
was to present a picture of future developments in the field of public health and health 
care. The primary objective of this research, which is mainly presented in the form of 
scenarios, is to stimulate discussions on different aspects of health care among those in-
volved in developing policies in this field. The insights gained through these scenarios 
should also contribute to a more rational elaboration of priorities in the field of public 
health and health care. Since its foundation the STG has completed a large number of 
scenario projects in the field of public health. 
The decision of the STG to fund the Scenario Project Dental Health Care led to the 
formation of a scenario committee. This committee consisted of 11 persons coming 
from the Dutch Dental Association, the Dutch Association of Dental Hygienists, the 
Dutch universities and research institutes, insurance organisations and the Ziekenfonds-
raad [the Medical Insurance Board]. 
As can be expected work already done by the research group was used intensively in 
discussions with the scenario committee, but the final version of the model which is the 
subject of this thesis, is on its turn influenced by the work done for the STG-project. 
The extent to which the original research project and the STG project are interwoven, 
makes it difficult to distinguish the aims of both projects. Nevertheless, the approach in 
this thesis is different from the approach in the STG report 'Future Scenarios Dental 
Health Care; An Exploration of the 1990-2020 Period' (Bronkhorst, 1993). In the STG 
report the model was described as a completed instrument and the report centred on the 
use of the model; most of the report is devoted to the description and analysis of a large 
number of policy experiments. This thesis focuses on describing the scientific basis for 
and the development of the model as used in the STG-report. 
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Chapter 1 
Aim of the study 
1.1 Introduction 
As a field of policy dental health care is very complex. This is due to a number of fac-
tors. For anyone working in the field, oral health is a major variable. However, it is em-
bedded in an extensive system of factors; factors which oral health is dependent on and 
factors which are partly determined by oral health. Factors which can be regarded as 
independent variables for the dependent variable of 'oral health' are very diverse. They 
include demographic factors (e.g., the structure and size of the population by age), psy-
chological factors (e.g., motives for dental attendance), economic factors (e.g., the rela-
tionship between the price of a certain treatment and the demand for it) and dental fac-
tors (e.g., the life of a restoration). If oral health is seen as an independent variable a 
wide scale of dependent variables can be indicated which are (partly) determined by 
oral health. For instance, the attendance behaviour of patients and the demand for den-
tal help. It is clear from the given examples that a distinction between dependent and 
independent variables cannot easily be made. The demand for dental treatment both 
determines oral health and at the same time depends on it. In chapter 2 the methodology 
used for a well-founded modelling of this field of policy shall be discussed. 
Oral health is not only the pivot of a system of causal relationships, the available 
scientific knowledge on the character of these relationships varies as well. Much is 
known, for instance, about factors which determine the supply of care, such as the ca-
reer length of dentists or the success rate of dentistry courses. On the other hand, much 
less is known about the relationship between the demand for dental care and major 
changes in a health insurance system. 
Besides the fact that developments in dental health care are determined by a diversi-
ty of factors, there is an additional factor which adds to the complexity of dental health 
care as a field of policy. The decision-making process takes place via an interplay of a 
multitude of actors, who, moreover, operate at several levels. The macro level includes 
the government, split up into several departments, and various professional associa-
tions, whereas decision-making at a micro level takes place by the dentist, oral hygiën-
ist and patient. As a result dental health care is a multi-actor, multi-level system, where 
the actors pursue different aims. A further complication is that actors have varying 
control of relevant factors. Some factors can be influenced directly by decision-makers. 
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This applies to legislation and regulation, the training capacity of dental courses or the 
composition of insurance packages. However, there are a number of factors which can 
not be influenced, such as demographic processes or breakthroughs in research (e.g., 
the introduction of fluorides). Other variables, such as dietary patterns or oral hygiene 
habits, can only be influenced gradually. 
The final aspect which makes dental health care a complex field of policy is its dy-
namic character. Dental disorders are generally chronic and progress slowly. Moreover, 
many treatments have a long-term effectiveness or even a permanent character. Conse-
quently, decisions in this field should be seen in a long time scale, and working with a 
long time scale is, by definition, difficult. Considering the fact that dental health care is 
very dynamic over a long period, it is not only necessary to foresee the distant future 
but also to take into account the dynamics of the field of policy. This can be illustrated 
by the prevalence of caries in young people or the percentage of toothless people in the 
adult population. On a time scale of 10 years or more these variables have shown sub-
stantial changes. This means that health politicians are faced with a field which requires 
a long-term approach but which may well show considerable changes in the long-term 
as well. 
The preceding somewhat general characterization of dental health care as a field of 
policy can be illustrated by some examples. A recurring question is which policy 
should be pursued to reach a balance between supply and demand, or to maintain this 
balance. Starting a dentist training course takes a considerable period of time and clos-
ing down a school leads to considerable capital destruction in addition to social prob-
lems. It is therefore necessary to look into the distant future when planning the training 
capacity of dental schools. The following imaginary example, which more or less 
sketches the situation in the Netherlands, can illustrate this. 
Suppose that there are approximately 6000 dentists and that in the event of an un-
changed policy their numbers will not change much in the coming 15 years. How much 
time is needed to increase the number of dentists by about 10%, by increasing the num-
ber of dental students? It takes at least 2 years to start a dentist training course, whilst 
the first extra output of dentists is not attained until 5 to 6 years later. If the new train-
ing course is to provide 70 new dentists a year - which corresponds to an intake of 
about 100 students a year - an output of 8 to 9 years will be needed to train an extra of 
600 dentists. In other words: in this example it will take 15 years at least to increase the 
number of dentists by 10%. A comparable period is also required if policy objectives 
are to reduce the number of dentists by reducing the number of dental students. 
Due to this the obvious idea to take the current situation on the labour market as a 
guide for policy should be rejected. Therefore, the health politician should ask himself a 
wide range of questions, such as: "What will the population look like in the coming 
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decades, with respect to its size and demographic composition as well as its oral health? 
How do changes in oral health affect the demand for dental care? How does the magni-
tude of the supply of care change? How does productivity develop? Will there be inter-
ventions in the care system which might affect the balance between supply and demand 
and if so, how large is their potential influence?" There are no simple exact answers to 
questions like these. Nevertheless they should be answered as precisely as possible in 
order to minimize the risk of high costs, both economic, social and with respect to den-
tal health. 
A second example is the reorganization of the insurance system. For economic and 
dental reasons various insurance packages can be suggested. Before introducing these 
packages it is useful to make a well-grounded assessment of the effects to be expected. 
However, it is necessary to prevent only the direct short-term effects being taken into 
consideration. A good example is the following estimate: public expenditure will de-
crease by NLG 30 million, if a private contribution of 10% is introduced for a treatment 
which yearly costs NLG 300 million. This sort of consideration can only assess the 
consequences shortly after the introduction of a change. It becomes much more com-
plex if the fundamental question is asked how the proposed intervention will affect the 
development of oral health. Will, for instance, an initial drop in demand lead to later 
demand for (alternative) treatment? Does this measure lead to the desired saving or will 
it in the long-term perhaps even raise costs? How are the effects of health development 
distributed over various groups of the population? Is it possible that the proposed inter-
vention will work out more unfavourably for some groups than for others in the long-
term? Other matters less directly related to the insurance system can also play an impor-
tant part in changes in the system. Will the relationship between the various profession-
al groups be affected? How will the income structure within dental health care be af-
fected? Can a loss of income be compensated for by dental professionals and what are 
the consequences for the proposed financial aims of the change in the insurance sys-
tem? Will the balance between supply and demand be disturbed? 
The two examples show that with respect to central questions of dental health care 
policy, policy development based on integrated knowledge of dental health care at large 
- with attention for long-term developments and the dynamics of health care - is indis-
pensable. As a result the task of health politicians in this field is far from easy. 
The characterization of dental health care as a complex field of policy is by no 
means unique. Many fields of policy are characterized by an interaction of a multitude 
of processes, decision-making at several levels by various parties and great internal dy-
namism. Such policy problems are, therefore, sometimes referred to as "messy prob-
lems" (Ackoff, 1974) or "ill-structured problems" (Mitroff and Sagasti, 1973). In order 
to classify policy problems according to the extent in which they are structurable, the 
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following table by Mitroff and Sagasti (1973) can be useful: 
Table 1.1 Classification of policy problems 
ELEMENT 
DECISION MAKER(S) 
ALTERNATIVES 
UTILITIES (VALUES) 
OUTCOMES 
PROBABILITIES 
Well-
Structured 
one or few 
limited 
consensus 
certainty or risk 
calculable 
STRUCTURE OF PROBLEM 
Moderately 
Structured 
one or few 
limited 
consensus 
uncertainty 
incalculable 
III· 
Structured 
many 
unlimited 
conflict 
unknown 
incalculable 
From a health politician's perspective the problems in the field of dental health care can 
best be described as "ill-structured". This particularly holds true for the elements "Deci-
sion maker(s)", "Alternatives" and "Utilities". These elements have the characteristics 
of an ill-structured problem. The same seems to apply to "Outcomes" and "Probabili-
ties". A health politician seldom knows the outcome of a policy in advance, nor can the 
probabilities in case of uncertainties be calculated. This is not simply due to the fact 
that the necessary information is lacking. Much information is available, but not in such 
a form that the health politician can benefit from it. This probably holds good for many 
policy problems in health care in general, but particularly in dental health care it is pos-
sible to look into the distant future without immediately being confronted with uncer-
tainties only. The reason for this is because, as has been said before, many dental disor-
ders are chronic and progress slowly. If knowledge about the prevalence of dental dis-
orders is combined with incidence data (and possibly changes in these data which 
(partly) result from policy changes) and also linked to demographic developments, then 
there is a basis to make explorations of the future spanning a time scale of a decade or 
more. Such an approach requires the integration of knowledge from various sciences 
into one coherent whole. 
In summary, policy problems in the field of dental health care can often best be 
characterized as ill-structured problems. However, there is sufficient scientific knowl-
edge, albeit scattered over many fields, to considerably reduce the uncertainty of health 
politicians with respect to the future. 
Given this situation in which health politicians on one hand are confronted with ill-
structured problems and, while on the other hand a considerable amount of relevant 
knowledge being available but not accessible, it was decided to start a research project 
which should be focused at the development of tools which should improve the compe-
tence of health politicians in the field of dental health care. As might be seen in the ex-
amples mentioned already, it was conjectured that tools with at least a partial quantita-
tive character would serve health politicians best. In the next sections some attention 
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will be given to the work done in this regard in the past 15 years and to the specific aim 
of this thesis. Firstly, the next section will present a short general survey of the various 
methods and means developed to support policy makers. It will focus on the support of 
policy development and not on the establishment and implementation of policy. 
1.2 Survey of instruments supporting policy 
development 
In the previous section the problems policy makers face when confronted with "ill-
structured" problems were sketched. This section presents a short survey of instruments 
available to help policy makers deal more effectively with "moderately structured" or 
"ill-structured" problems. Instruments aiming at the general improvement of the per-
formance of policy makers will be left aside. Instead this section discusses instruments, 
particularly quantitative instruments, aimed at improving the way to deal with policy 
problems. In other words, mathematical models and their use in supporting the policy 
maker will be the primary subject. 
Mathematical models can be classified according to a number of dichotomous fea-
tures: for instance, deterministic versus stochastic models. This is not done here, but 
instead attention is focused on the various ways models can be used as a means to sup-
port policy. A classification according to three sorts of use is applied. In the first place, 
the use of models for optimalization questions. Furthermore, models can be primarily 
descriptive in character, namely simulation models. Finally mathematical models can 
be used as the core of a special sort of gaming environment, namely interactive (game) 
simulation. 
1.2.1 Models as a means for optimalization 
In mathematics optimalization questions have long been the subject of study. The disci-
pline of mathematics known as operations research can, somewhat simply, be described 
as the discipline engaged in the development of methods to maximize a function under 
limiting conditions. It would seem obvious then to think that many policy questions can 
be solved by operations research techniques. However, this is by no means always the 
case. The major problem is that these techniques require clear definitions for the subject 
of maximalization, the target function and the limiting conditions. This can,lead to un-
solvable problems. The very formulation of the target function is often complicated due 
to two reasons. Firstly, it is difficult to make all policy aims explicit. In addition to ex-
plicit aims policy makers often have aims that remain implicit. This may be due to the 
fact that they are not sufficiently aware of these aims or that it is not advisable to make 
certain aims explicit for political reasons. Secondly, the formulation of the limiting 
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conditions is a problem. The character of the method used makes it essential not to 
overlook any limiting condition. The absence of just one limiting condition may lead to 
'optimal' solutions which are not acceptable. However, as more aspects of the problem 
play a part, an exhaustive survey of limiting conditions becomes increasingly difficult. 
Policy problems can often partly be formulated as optimalization questions, as is evi-
dent from the following examples: 
• Finding the best location for a fire station can be formulated as selecting the location 
(from a list of suitable locations) in which the maximum driving time to a fire in the 
district is minimized. 
• A subsidy scheme in the field of energy saving is the most effective if there is a 
maximum reduction in the amount of used energy per guilder of subsidy. 
• The best assessment of fish quotas is that with a maximum yield, provided that the 
fish stock remains stable in the long-term. 
• The problem of public housing can be formulated as reaching maximum housing 
capacity with given financial means. 
• The allocation of tasks between midwives, general practitioners (GP's) and obstetri-
cians should be such that with a certain maximum level of risk for the mother and 
newly-born the costs are minimized. 
All these examples are by no means suitable for an approach based on optimalization 
models. If one takes a closer look at the given examples, the first two seem to offer 
starting-points for support by optimalization models. With respect to the example of the 
fish quotas the proper formulation of limiting conditions may well present problems. 
The last two examples illustrate situations in which a straightforward optimalization of 
a target function is of limited value. For instance, it is probably not possible to suffi-
ciently operationalize the aim 'maximum housing capacity', without making political 
choices, such as how to distribute the capacity over the various subgroups of the popu-
lation or the required ratio between rented houses and owner-occupied houses? As to 
the obstetrics example, the very operationalization of the maximum acceptable level of 
risk could probably never be formulated to satisfy all parties. Besides it would be very 
difficult to formulate all limiting conditions exhaustively. At the very least the existing 
relationships between the three professional groups would have to be taken into ac-
count. Can GP's with an adequate training in obstetrics be excluded from the delivery 
room, or should there be a period of transition until obstetrics is no longer part of the 
GP's training? 
In summary, one can say that optimalization models are particularly useful for poli-
cy problems which are simple enough to be formulated clearly and in which the politi-
cal struggle has been fought out sufficiently: here, models can be used in order to reach 
an accepted formulation of the policy aim. 
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1.2.2 Models as a simulation aid 
It is evident from the previous section that more extensive and controversial policy 
problems are not suitable for an approach based on optimalization models. In such a 
situation it is advisable to choose a less ambitious approach: the construction of a 
model which does not immediately generate the solution to the problem, but 'only' de-
rives its value from the fact that it charts the problem field and makes it easier to man-
age. Such a model can be both qualitative and quantitative. Qualitative models identify 
the variables which are regarded as important for a field of policy and indicate whether 
there are relationships between these variables. The elaboration of these relationships is 
the typically quantitative aspect of this model. Sometimes the establishment of a rela-
tionship will suffice, but it is also possible to include in the model the fact that an in-
crease in one variable will lead to an increase or a decrease in another variable. Most 
mental models can be seen as qualitative models. 
A model is quantitative as soon as relationships between variables in a model are 
quantified in an exact way. As it is simple to construct a qualitative model from a quan-
titative model, but not the other way round, it seems to follow that quantitative models 
are, by definition, as good as or even better than qualitative models. However, this con-
clusion is wrong. It very much depends on the problem field whether it is possible to 
make a quantitative model at all. If too much knowledge about the relationships be-
tween relevant variables is missing, then it is not possible to develop a sensible quanti-
tative model. Moreover, time restrictions may rule out the development of a quantita-
tive model. Besides these practical considerations which can determine the choice be-
tween a qualitative or a quantitative model, the aim for which a model is developed is 
also a decisive factor. Qualitative models are mainly used to obtain an impression of the 
overall characteristics of a policy field, or as an aid to structure a certain problem. The 
development of a qualitative model is suitable for an approach known as participative 
model building (Vennix, 1990). This approach focuses on the participation of the even-
tual users of the model in its development. 
As a result of the fact that quantitative models are described in mathematical terms, 
they are very suitable to simulate reality by means of a computer. Because a simulation 
model cannot itself find an optimal solution to a policy problem, questions may rise as 
to the value of these models. Whatever the methods used in making a simulation model, 
these models can play a supportive role in policy development on account of a number 
of characteristics. 
• The construction of a simulation model often reveals subjects important for the de-
scription of the problem field but about which scientific knowledge is insufficient. 
• The mathematical formulation forces one to specify and make explicit details which 
would otherwise be overlooked. 
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• Simulation models offer the opportunity to bring together a multitude of knowledge 
into one integrated whole. 
• As a result of their explicit description simulation models, unlike mental models, are 
insensitive to unconscious changes. 
• By introducing changes a simulation model makes it possible to carry out policy ex-
periments on paper which in reality would be too expensive, time-consuming or 
even totally impossible. These policy experiments are sometimes called scenarios. 
In this thesis the term policy experiments will be used. 
• Analogous to policy experiments, simulation models can offer an insight into the 
sensitivity of the problem field to changes in exogenous variables or to changes in 
structural relationships within the problem field. These are often referred to as sensi-
tivity analyses. 
In considering whether it is sensible to develop a simulation model for a policy field it 
is obvious to presuppose sufficient knowledge about the relationships between the pro-
cesses which determine the behaviour of relevant variables for this policy field. How-
ever, this is not necessarily so. The first two items in the above-mentioned list indicate 
that, precisely where knowledge is lacking, the development of a simulation model 
contributes to a good survey of the available knowledge and therefore of the missing 
knowledge. Often only the exact straitjacket forced upon a researcher in order to make 
a simulation model will reveal what knowledge is necessary and where there are gaps. 
It is true that if there are too many 'gaps' the simulation model developed will be less 
suitable for its last function, namely policy experiments. Due to this, the situation of the 
model designer is very uncertain in the initial stages. If much knowledge appears to be 
lacking, there is little point in designing a very detailed model suitable for policy exper-
iments. 
On the other hand, it is possible to first design a very global model, after which it 
will be evident whether the available knowledge is sufficient to build a more detailed 
model without too many 'rough' parts which cannot be fleshed-out properly. Conse-
quently, the construction of a simulation model is often less linear than desirable. 
Therefore the best solution is to start with the development of a relatively simple model 
and, if justified by the knowledge which will then be evident, to repeat the design pro-
cess to make a more elaborate model which is sufficiently detailed and reliable for poli-
cy experiments. 
There are various mathematical methods which the construction of a simulation 
model can be based on. This thesis is concerned with a method which can be used in a 
wide variety of fields, the system dynamics approach. This method will be dealt with in 
greater detail in chapter 2. 
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1.2.3 Models as a means for interactive simulation 
In the previous section models as a means for simulation have been discussed. In such 
use of models all available knowledge is integrated into one model. However, there are 
fields of policy in which the behaviour of policy makers is very much dependent on the 
developments in that field. Such a situation predominantly requires instruments which 
explicitly focus on the interaction between policy makers and the field. Interactive sim-
ulation is a very important means in this case. In an interactive simulation man and 
simulation model together make a model of a real system. The following quotation 
(Klabbers 1983, p. 216) concisely describes the core of interactive simulation: 
"The most interesting characteristic of interactive simulation is that man and computer cooper-
ate during the development of the system. The interactor who can choose from a number of al-
ternatives observes the system behaviour resulting from his decisions and the structure of the 
causal model. After each time increment the behaviour is evaluated and if the system does not 
react as desired, the decisions for the next period will be changed." 
Figure 1.1, taken from Klabbers 1983, represents the characteristic structure of interac-
tive simulation: 
man 
normative 
stratum 
/ decision- ) 
! * 
stratum 
stratum 
computer 
Figure 1.1 Diagram of interactive simulation (Klabbers, 1983). 
As interactive simulation can be seen as embedding a simulation model in an interac-
tive setting, so can interactive simulation in its tum be embedded in interactive game 
simulation. In that case it is possible to include the interaction between various actors 
into the simulation in a structured way. 
In summary, interactive (game) simulation is primarily important for those studies 
which do not pay exclusive attention to the policy field but specifically to the way in 
which policy makers deal with information. 
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1.3 History of the study 
Because this thesis is very much based on research carried out previously by the de-
partment of Cariology and Endodontology of the Catholic University of Nijmegen, a 
short sketch of this research is required here, the more so because the history of this 
project has greatly determined the aim of the research in the past few years. As has 
been said in section 1.1, an ongoing research program focusing on the development of 
tools which should improve the competence of health politicians in the field of dental 
health care started in the late seventies. Modelling this field of policy has always played 
an important part in the various projects carried out to date. As a basis for that mod-
elling the system dynamics approach was used. 
Firstly, a relatively global model of the Dutch dental health care system was devel-
oped. In this model the (im)balance between supply of and demand for dental care was 
the central issue. The relative simplicity can be illustrated by the fact that for instance, 
no difference was made between age-groups and only one 'treatment' was considered. 
This model has been embedded in an interactive computer-simulation game (Truin et 
al., 1980). In this game three groups of actors were considered: government, parliament 
and the dental profession. Each group only had access to partial information and differ-
ent policy measures. The experiences during the game-sessions were twofold. Firstly, 
players were enthusiastic and expressed to have gained valuable insight in the complex-
ity of the issue. Secondly, especially dentists felt the need to look into the problem area 
in much more detail, focusing on age-groups, pathology etc. 
As a result of this experience a model more detailed in its description of the dental 
health care system was developed and implemented on a mainframe computer (Truin, 
1982). This model had a level of detail, specialists in the field of planning the Dutch 
dental health care system considered minimal to give an adequate description of the 
dental health care system. The population for instance was differentiated by age, insur-
ance status and dental attendance behaviour. The model consisted of two submodels 
concerning pathology, a submodel concerning the dental attendance behaviour, a sub-
model covering the supply-side and a submodel covering the 12 most important dental 
treatments. The model was able to reproduce fairly well the behaviour of the Dutch 
dental health care system as observed for the period 1970-1984, and it has been used to 
perform scenario-analyses concerning dental health care during several years. However, 
due to the implementation on a mainframe which made the model quite difficult to han-
dle and due to its complexity, it was very difficult to communicate about the results of 
the model. Another problem was that the model was not flexible enough to incorporate 
easily changes in the structure of health care, especially the insurance system. This 
made the model, despite of its inherent qualities, less suitable for the purpose of sup-
porting health politicians in the field of dental health care. 
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The experiences acquired in developing these two models had a major influence on 
the approach chosen for the research project this thesis is devoted to. In the next section 
attention will be focused on the central research goal which was formulated for the pro-
ject, and the research questions which were derived from that goal. 
1.4 Aim of the project 
Based on the experiences acquired in the past, as described in the preceding section, it 
was decided that a new project should be started. For this project the following overall 
aim was formulated: 
The project should result in a simulation model which could act as a tool for deci-
sion support for those working as health politician in the field of dental health care 
on a wide range of topics comprising the balance between demand and supply, the 
financial structure of the Dutch dental health care system, improving oral health and 
impact assessment of new procedures and treatment methods. Next to these de-
mands, which relate to the content of the model, it was decided that the model build 
in this third project should combine the strong parts of the two previous models, 
being the relatively user friendliness of the first model and the level of detail and the 
comprehensiveness of the second. It should also be based on the same methodology, 
being the system dynamic approach. As it was to be expected that the Dutch dental 
health care system could be subjected to structural changes, the model to be devel-
oped had to be flexible enough to be able to accommodate for a wide array of 
changes in the health care system without necessity for restructuring the model. 
Next to this overall aim, two aims were formulated which can be considered to be ex-
tensions of the overall aim. 
Firstly, the model should be tested for its correctness. It was not considered enough 
that the model should be able to generate data which mimics the empirical data for 
some years in the past. To make the model acceptable for health politicians it should 
not generate results which a potential user of the model would regard as impossible, 
even if the magnitude of the unwanted result makes it not a problem in itself. For 
example, if the model would simulate a future in which the number of teeth per per-
son, (including extracted teeth and excluding wisdom teeth), would deviate from 28 
if only marginally, this would seriously hamper the credibility of the model. 
Secondly, the suitability to actually execute relevant policy experiments should be 
assessed. A validated and correct model is by no means automatically a useful tool 
for health politicians. To serve this purpose the model should be suitable for con-
ducting policy experiments in the relevant fields and produce information that is 
both relevant to and can be interpreted by health politicians. By executing some ex-
ample policy experiments the suitability of the model as a tool for policy support 
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should be demonstrated. 
Model building is essentially a creative process. As Dunn (1981) states, with respect to 
problem structuring which can be regarded as a part of the entire process of model 
building: 
Problem structuring is creative to the extent that one or more of the following conditions are 
satisfied: (1) the product of analysis is sufficiently novel that most people could or would not 
have arrived at the same solution; (2) the process of analysis is sufficiently unconventional that 
it involves the modification or rejection of previously accepted ideas; (3) the process of analysis 
requires sufficiently high motivation and persistence that analysis takes place with high intensi-
ty or over long periods of time; (4) the product of analysis is regarded as valuable by analysts, 
policy makers, and other stakeholders, since it provides an appropriate solution for the problem; 
and (5) the problem as initially posed is so ambiguous, vague and ill defined that part of the task 
is to formulate the problem itself. 
As a result of ihis, there's no methodology for model building which can be adopted, so 
that in a more or less mechanical way the entire process between formulation of the 
goals for which a model is to be build and the completion of the model can be executed. 
Nevertheless some phases in the process of model construction are generally found in 
model development. For a given problem situation Quade (1989) uses the following 
formulation: 
1. Certain elements are singled out as being relevant to the problem under consid-
eration. 
2. The significant relationships among these elements are made explicit. 
3. Hypotheses regarding the nature of these relationships are formulated. 
4. These hypotheses and/or the model's predictions are tested using data from the 
real world. 
In principle it is possible to go through these phases for the entire model simultaneous-
ly. Or in other words: one could see the model as one entity to develop without distin-
guishing more or less autonomous parts. However, in general it will be possible to di-
vide the model into some components, also referred to as submodels or aspect models, 
which are only marginally interacting with the other components. Developing a model 
which is divided into submodels has some advantages. If the submodels are chosen 
right most time working on a specific submodel, there's no need to be 'aware' of the 
other submodels. This approach can contribute greatly to manageability of the devel-
opment of a large model. 
In order to create a model structure which consists of relative autonomous submod-
els the first criterion to subdivide the model was based on whether the content of a part 
of the model was related to the supply of dental care, to the demand for dental care or to 
the actual interaction between these two. That part of the model which covers demand 
related issues could be divided again in three parts: one covering the demographic as-
pects, one the behaviour of the population with regard to visiting providers of dental 
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care, and one the pathology related aspects. The following figure gives a simple illustra­
tion of the internal structure of the model at the level of submodels. 
Population Dental 
Attendance 
Λ 
Canes Periodontal 
Diseases 
Pathology 
Treatment 
Demand 
J 
Figure 1.2 Global division in submodels. 
The four phases of model development as mentioned by Quade can be found in the 
chapters 3 through 7 in which the development of the subsequent submodels of the 
overall model is discussed. During the development of the model it became more and 
more clear that due to its size and complexity it was by no means automatically guaran­
teed that the model, which in fact is a large piece of software, will exactly behave the 
way the developer has in mind while specifying the model. This made it necessary to 
submit the overall model to some tests specifically designed to trace implementation er­
rors of the model. This will be the subject of chapter 8. 
In chapter 9 attention is changed from developing the model to assessment of the 
suitability of the model as a tool for policy support. 
The final chapter is a discussion of the work done, its strong and weak points and 
suggestions how to carry this kind of research further. It also addresses the extent to 
which this research can be generalized to fields outside dental health care policy. 
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Chapter 2 
Methodological considerations 
In this chapter the methodology used in developing a model that should be able to serve 
as a tool for decision support in the field of dental health policy is discussed. As has 
been stated in chapter 1, model building is essentially a creative process. As a result 
there's no methodology for model building which can be adopted, so that in a more or 
less mechanical way the entire process between formulation of the goals for which a 
model is to be build and the completion of the model can be executed. Nevertheless, 
some methods have been used throughout the development of the model. In this chapter 
the most important methods, mainly related to the building of a system dynamic model, 
are discussed. 
2.1 System dynamic models 
System dynamic models originate from the field of electrical engineering and have a 
solid mathematical foundation. It is possible to give a mathematical description of sys­
tem dynamic models but in this section the major characteristics of system dynamic 
models are introduced by a verbal description. The figure below will illustrate this: 
l 
Σ(χ) 1 
u: input 
Σ: system 
x: state 
y: output 
Figure 2.1 The structure of a system dynamic model. 
A system dynamic model always consists of three groups of variables. The first group 
comprises the input variables (u). These variables describe processes outside the bound­
aries of a system dynamic model which have impact on its internal behaviour. The sec­
ond group consists of the state variables (x). These represent the internal behaviour of a 
system and can be seen as its memory. The following definition will make this more 
precise. A set of variables χ can be the state variables of system Σ if the following 
holds: 
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If at time t 0 the values of the state variables χ are known and the values of the inputs 
u are known for t > t 0 then the behaviour of the system for all t > to is known. 
The third group consists of the output variables y. These are processes which are influ­
enced and represent the part of the system that can be observed from the outside. 
Dynamic relations between the variables are the corner-stones of a system dynamic 
model. This can be illustrated by a simple description of the construction of a system 
dynamic model. Once the state variables are chosen, it has to be decided which factors 
at a given point in time having a given value for those state variables, determine how 
these state variables will change. So, system dynamic models are dealing with dynamic 
processes. Consequently correlations of two time-dependent variables per se are of no 
importance for a system dynamic model since a correlation between two variables does 
not imply a causal relation between these variables. Two variables dynamically interact 
as changes of one variable depend on the value of the other variable which is an expres­
sion of a causal relation between the variables. This also implies that the traditional dif­
ference between dependent and independent variables is of no use in a system dynamic 
model. It is possible that the dynamic behaviour of variable A depends on variable В 
and the other way around, simultaneously. 
Because system dynamic models can contain whatever groups of dynamically inter­
acting variables, they are very well suited for integrating knowledge and theories from 
different scientific fields into one model. This pragmatic character of system dynamic 
models is very important for this study, since relevant knowledge for policy makers in 
dental health is to be found in many scientific disciplines. 
As a last characteristic of system dynamic models of particular value for this study, 
the explicit distinction between input variables (or control variables as they are also re­
ferred to) and state or output variables, has to be mentioned. This explicit distinction 
being an important part of the system dynamic methodology, system dynamic models 
have proven to be successful for those fields in which the control of a certain system is 
the main topic. 
Since its foundation in the fifties, system dynamics has evolved into various direc­
tions. One might consider its use in the natural sciences as its mainstream. System dy­
namic models can be found in meteorology, control theory e.g. control of robot arms 
(Nijmeijer, van der Schaft, 1990), electrical engineering, biology or hydrology (van der 
Vooren, 1994). But it has also left the domain of the natural sciences and found its way 
into business and public policy. This second field of applications is largely based on the 
work of Forrester (1961, 1968) and probably the most well known example of the ap­
plication system dynamic methodology is the work of the "Club of Rome" which re­
sulted in the report "The Limits to Growth" (Meadows, 1972). 
The use of the system dynamic methodology outside the natural sciences has re-
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suited in quite some criticism. De Geus (1988), for instance, argues that a methodology 
for policy support is only useful if "the learning is done by those who have the power to 
act". This is a problem for many projects based on the system dynamic methodology, 
where those building and analyzing a model learn by far the most and generally these 
are not the people making the final decisions. And in Lane (1994) it is stated that the 
popularity of this methodology has lead to inappropriate applications, forgetting limita-
tions for the methodology as stated by Forrester (1968): "... does not apply to problems 
that lack systemic interrelationship. It does not apply to areas where the past does not 
influence the future. It does not apply to situations where changes through time are not 
relevant". Nevertheless, for many policy problems in dental health care, the system dy-
namic methodology does seem to be applicable. 
2.2 Global characterization of the model 
Some characteristics of the overall model will be discussed below, prior to the more de-
tailed discussions of its development in the next chapters. 
2.2.1 Limits of the model 
The main policy issues the model should focus on have a rather high aggregation level, 
e.g., the balance between demand and supply of the financial structure of the Dutch 
dental health care system (see chapter 1). Therefore, the model developed had to be a 
macro model. This has led to the following choices for the principal limits of the model, 
namely those with respect to the population described by the model, the pathology dis-
tinguished by the model and the part of dental health care described by the model. As to 
the first choice, the model is limited to the entire Dutch population, i.e. all persons resi-
dent in the Netherlands. This choice is obvious if the model is to supply information on, 
for instance, the effect of a change in the insurance system on the demand for care from 
the population or the effects expected in the event of a reduction of the incidence of 
caries on the percentage of edentulous people. 
As far as pathology is concerned, the model is limited to the hard dental tissues and 
periodontal disorders. This is based on the fact that these diseases have a high preva-
lence and because dental health care is mainly concerned with the prevention or treat-
ment of these diseases. 
The following choice has been made regarding the part of dental care described by 
the model: all dental care, excepting care supplied by dental specialists (orthodontists 
and dental surgeons) is included in the model. The model is not expected to be equally 
detailed for all types of treatment. It makes a distinction between, on the one hand, 
treatments which are important because they cost a lot of time or money or are impor-
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tant for the pathology part of the model and, on the other hand, other treatments. 
Though it is possible to leave the other treatments out of the model altogether, it has 
been decided not to do so. They are distinguished, albeit in less detail, so that the model 
can supply information about, for instance, the total cost of dental health care as pro-
duced by dental practices, or about the total workload of dentists. 
2.2.2 Choice of the simulation period 
In addition to the limits set regarding the content of the model, a choice must be made 
concerning the time span covered by the model. In view of the issues the project focus-
es on, and the fact that many processes included in the model have a time scale which 
covers several decades, it is necessary to choose a rather wide time horizon. Therefore, 
the time span chosen extends as far as 2020. It was expected that this period would be 
long enough to be able to see the effects of policy experiments for the majority of the 
processes described by the model. The starting point was set at 1980. In this way the 
validation of the model for the period for which empirical data were available was set 
to yield results which came close to these data. In view of the fact that the validation 
was finished in 1992, this means that the period from 1980-1991 can be seen as a test 
for the validation of the model. 
2.2.3 Classification of the model 
As has been said before it was decided to develop a system dynamic model. However, 
the choice between several types of system dynamic models remains free. Models can 
be classified according to several dichotomous criteria. There are various criteria ac-
cording to which system dynamic models can be classified, but most of these need not 
to be selected in advance. For instance, a distinction between linear and non-linear 
models is commonly made. In constructing a model it gradually becomes clear whether 
it is necessary to introduce non-linearities. The same consideration is true for the dis-
tinction between time-dependent and time-independent models. For these models, too, 
it becomes evident during the construction stage into which one of the two categories 
the models can be classified. However, the choice between either a deterministic or a 
stochastic model and between a model with either a continuous or a discrete time vari-
able is always made before constructing of the model. In this study a deterministic 
model in discrete time has been chosen. The choice for a deterministic model is based 
on the fact that the model focuses on large groups of the population, and the average 
person is a suitable concept to describe this group. The choice for a model with a dis-
crete time variable is based on the fact that most of the empirical data used in the model 
is described as applying to a whole year. This is the case, for instance, with the popula-
tion or treatments statistics and the statistics concerning the training of dentists. 
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2.3 Global approach for developing the submodels 
The process of building a (sub)model can be seen as one consisting of a number of con-
secutive phases. In chapter 1 the following terminology, as used by Quade (1989) has 
already been cited: 
1. Certain elements are singled out as being relevant to the problem under consid-
eration. 
2. The significant relationships among these elements are made explicit. 
3. Hypotheses regarding the nature of these relationships are formulated. 
4. These hypotheses and/or the model's predictions are tested using data from the 
real world. 
For reasons of clarity in this thesis a different terminology, still based on these four 
stages, is used. The first two stages will be referred to as the construction of a concep-
tual model. The third stage will be referred to as construction of a mathematical model, 
while the fourth stage will be referred to as validation of the model. (It will tum out that 
for some parts of the model the construction of a mathematical model and its validation 
are less separate processes then it seems on the forehand.) For each of the submodels it 
will be described in the next chapters (3 through 7) how these stages have been real-
ized. In this section some more general remarks concerning these stages are made. 
2.3.1 Steps in the construction of a conceptual model 
A conceptual description of a system dynamic model is constructed in a number of 
steps, which will be listed and explained in this section. 
• Choosing the limits of the model. Before designing a model, it is necessary to exact-
ly define what part of reality should be represented by the model. If this definition 
remains vague the construction of the model is hampered, since it is unclear when it 
is finished. But the use of the model requires distinct limits, too, as the interpretation 
of results will be difficult if it is unclear which part of reality the results refer to. 
• Choosing the state variables. As is evident from the previous section the state vari-
ables are the core of the model. Therefore the first step in defining the content of a 
model is the choice of the state variables. The model must be able to describe the 
dynamic behaviour of the chosen variables. Since state variables have a memory 
function, only variables of which the value at a certain moment partly determines 
the value a (short) while later can be accepted as state variables. For instance, the 
number of decayed teeth in a population group can be qualified as a state variable, 
for the number of decayed teeth at a certain moment has a causal relationship to the 
number of decayed teeth shortly before. The number of extractions in a population 
group during a given year does not qualify as a state variable. Though there may 
well be a strong correlation between the number of extractions in successive years, 
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there is no direct causal relationship. 
• Listing the processes responsible for changes in the values of the state variables. 
Since the model must be able to describe the development of the state variables over 
a certain period, the information about all processes that influence the degree in 
which the value of the state variables changes needs to be included in the model. 
This can refer to processes which take place within the model. The changes seen in 
many state variables are not independent, but are also dependent on (several) other 
state variables. For instance, the number of people in the youngest age group is not 
only dependent on the number a while earlier but also on the number of people in 
age groups in fertile periods, because this obviously influences the number of births. 
The degree of change may also be affected by processes from outside the model. For 
instance, the number of practising dentists is related to the immigration of foreign 
dentists. However, this phenomenon cannot adequately be described on the basis of 
existing knowledge of Dutch dental health care and can therefore best be considered 
as an external factor for the model. 
2.3.2 Construction of a mathematical model 
In the chapters 3 through 7 the construction of a mathematical model will be described 
as a two stage process. 
During the construction of a mathematical model: 
• Firstly, the model constructor has to choose a set of mathematical relations to ex-
press as good as possible the specifications of the model as they have been given in 
the formulation of the conceptual model. 
• Secondly, the mathematical model is validated by estimating the parameters in the 
mathematical relations by using empirical data. 
Viewed this way, construction of a mathematical model and its validation are two sepa-
rate processes, and both can be executed rather mechanically. For models describing 
parts of reality for which either theoretical knowledge is lacking or the empirical data 
were inconclusive, this is not always the case. If theoretical knowledge is missing, it 
can be difficult to fully specify a conceptual model, so some decisions might be re-
ferred to the validation phase, trying to find a mathematical construction that suits the 
data available. If this is the case, construction of a mathematical model and its valida-
tion are far less mechanical and decisions based on judgement or experience, more than 
on scientific knowledge alone, need to be made. In the next chapters it will become 
clear that in some situations, constructing a mathematical model and validating it could 
be treated separately and has been rather straightforward, while for other parts of the 
model this was not possible. 
As has been stated in the preface to this thesis, the emphasis is on model construe-
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tion, more then on describing the resulting model. Therefore, the next chapters are not 
aiming at a comprehensive summary of all model parameters. They focus more on how 
the mathematical model was constructed and what work was needed to validate it. 
Special attention will be given to those cases were this could not be done more or less 
mechanically. For comprehensive information on the model parameters one is referred 
to the STG report 'Future Scenarios Dental Health Care; An Exploration of the 1990-
2020 Period' (Bronkhorst, 1993). 
2.4 Participation of clients in the project 
The view on the value of policy models has evolved over time. The constant growth in 
the availability of computers made elaborated mathematical models more and more the 
favourite choice for a policy model. In the early days of computer policy modelling, the 
models were expected to give accurate predictions over long term periods even for 
quite complex problems like urban planning. To achieve these ambitious goals very 
complicated models were constructed by specialists putting years of work in their mod-
els, most of the time with not too much communication with the intended users of the 
model. Evaluation of these kind of studies showed that they were not very successful. 
After completion of the model the policy makers were confronted with models they did 
not understand and were not the kind of result they expected of the project. 
Since that time lessons have been learned about the use of complex models in the 
context of public policy. First of all, the expectations are less ambitious. Models are not 
used to get accurate long-term predictions, but to help policy makers in getting insight 
in the problems they are confronted with. To achieve this various authors have pointed 
out that during the whole project there should be involvement of the clients (policy 
makers) in the process of problem formulation, model building and using the model 
(Greenberger et al., 1976; Meadows, 1982). 
However, it is not always easy to organise a project in such a way that there is full 
client involvement during the entire project (Vennix, 1990). The most fundamental rea-
sons for this are twofold. Firstly, the 'client' can consist of a large group of people, dis-
tributed over various organisations. The sheer number of clients can make it very 
costly, both in time and in money, or even impossible to involve all clients actively in 
the entire modelling process. Secondly, if the clients are from different organisations, 
they often have conflicting interests. Active involvement in the modelling process of 
clients with conflicting interests, is very likely to result in clients trying to influence the 
process in such a way that the resulting model will serve their goals best. This will 
make it very difficult to end the project with a well designed and functional model. 
In this project, the political arena covered by the main research questions as men-
tioned in the previous chapter, knows a variety of players. Among them are two differ-
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ent departments of the Dutch government (Ministry of Education and Cultural Affairs 
and the Ministry of Public Health, Welfare and Sports), the Dutch Dental Association, 
the Dutch Association of Dental Hygienists, various organisations of insurance compa-
nies, the Dutch universities having dental schools and consumer organisations. So in 
this project a full involvement of clients was not feasible. Therefore the project 
originally started as a project with no direct client involvement and only people from 
the University of Nijmegen were involved in the project. 
Early in 1989 the STG (Steering Committee on Future Health Scenarios) decided to 
subsidise the Scenario Project Dental Health Care and a scenario committee was 
formed. The committee consisted of 11 persons coming from the Dutch Dental As-
sociation, the Dutch Association of Dental Hygienists, the Dutch universities and 
research institutes, insurance organisations and the Ziekenfondsraad [the Medical Insur-
ance Board]. Working with this scenario committee, the research group had the oppor-
tunity to improve the participation of clients in the project. So it was decided that 
although a conceptual model was already developed, to start from the beginning again. 
As can be expected, work already done by the research group was used intensively in 
discussions with the scenario committee. Nevertheless the development process of the 
model can be considered of one with a maximum client participation, given the variety 
of potential clients for the model. 
In chapters 3 through 7 the construction of a mathematical model and its validation 
for each of the submodels will be discussed. 
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The population model 
The population model consists of two parts. The first part is a standard demographic 
model; the second is concerned with a subdivision of the population by a socio-eco-
nomic criterion. First the demographic part is discussed. For both parts of this chapter, 
as well as for the other chapters concerning the development of the various submodels, 
the conceptual model is addressed first. Next the construction of the mathematical 
model and its validation is discussed. As this is the first chapter of five devoted to the 
description of the model at a detailed level, a section on notational conventions is 
added. These conventions are used throughout the chapters 3 through 7. 
3.1 Demographic model 
3.1.1 Conceptual model 
The population model serves to generate the population data for the main model. This 
implies that it is not necessary to construct a very detailed population model which 
would, for instance, distinguish between people's marital status, religion, etc. It is suf-
ficient for the population model to provide adequate calculations of the numbers of 
people in the different age groups of the main model during the model's running time 
(i.e. from 1980 until 2020). The calculations of the population model are considered to 
be 'adequate' if they produce results which approach the empirical data and the CBS 
prognosis. (CBS is the Dutch National Bureau of Statistics) 
Given these demands the following variables were chosen to play a central role in 
the population model: 
• The size and age distribution of the population at a given moment. 
• The number of live-bom during a certain period. 
• The number of deceased during a certain period in each age group. 
• The migration balance during a certain period in each age group. 
For this purpose the population has been divided into 14 age groups: 0-5, 6-12, 13-18, 
19-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-64, 65-74, 75-84 and 85+. This 
classification resulted from a further subdivision of the following classification, which 
is used in the dental model: 0-5, 6-12, 13-18, 19-29, 30-44, 45-64, and 65+. The choice 
of the latter basic classification will be explained when the overall structure of the den-
tal section of the model is discussed. There are two reasons for making a further subdi-
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vision. In the first place, it creates age groups that are narrow enough to produce a rea-
sonable description of the age distribution and the size of the population. An even finer 
subdivision would of course produce even better results, but would have complicated 
the model unduly. The second reason is that a subdivision in 5-year groups is generally 
found in (CBS) statistics. 
The main differences between the population model and CBS models are the 
following: · 
• The age groups are wider. No further comment is required here. 
• No distinction is made as to marital status. The reason for this is obvious, as peo-
ple's marital status is of no importance as an explanatory variable in a dental model. 
• No distinction is made as to sex. This seems to contradict the fact that dental differ-
ences between men and women are known to exist. However, this will not create 
any problems if the men to women ratio is assumed to be stable over time. In that 
case one can safely speak of an 'average' individual. 
• The CBS has administrative corrections as an explicit part of its population models. 
These cover changes in the population for non-demographic reasons. As they are 
very small, these are not part of the population model. The effect of people leaving 
(or entering) the population due to administrative corrections, will be accounted for 
in the population model as an adjustment of the number of deceased. 
The following assumptions concerning the dynamics of the population model have been 
made: 
• The number of deceased per age group per period is calculated as a fraction of the 
population in that group. The ratios between these fractions in the different age 
groups are fixed, but all fractions together can vary in the course of time. 
• The number of live-born out of people in a certain age group in any period, is also 
determined as a fraction of the population in that group. These fractions can vary in 
the same way as the mortality figures. 
• The migration balance per age group per period is calculated as a fixed fraction of 
the total migration balance in that period. The total migration balance can vary with 
time. 
• The age groups are assumed to be homogenous. This is to say that in the 0-5 year 
age group, for instance, there is an even spread of people of different ages. An ex-
ception is made for the age groups 55-64, 65-74 and 75-84 years. Since mortality is 
relatively high in these groups , the number of people of the highest age (64, 74 or 
84 years, respectively) will be systematically smaller than one tenth of the total 
number in that group. The quantification of this effect will be explained in the sec-
tions dealing with the validation of the model. 
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3.1.2 Mathematical model 
3.1.2.1 Variables 
The following list shows the variables used in the population model. 
BirthRateTOfa] 
BirthRate[a](t) 
Births(t) 
Category Width [a] 
DeathRateTO[a] 
DeathRate[a](t) 
Deaths [a] 
FuncBirth(t) 
FuncMort(t) 
FuncMigr(t) 
MigBalance(t) 
MigCTO 
MigFr[a] 
Mig[a] 
01d[a] 
Pop[a] 
Profile[a] 
: The number of live-born per individual in age group 'a' in the 
reference year t0. 
: The number of live-bom per individual in age group 'a'. 
: The total number of live-bom in year t. 
: The number of 'years' in age group 'a'. 
: The deceased as a fraction of age group 'a', in the reference year 
to· 
: The mortality fraction in age group 'a'. 
: The number of deceased in age group 'a', in the year t. 
: The variation of the birth rate with time. 
: The variation of the mortality rate with time. 
: The variation of the migration balance with time. 
: The migration balance (immigration - emigration) in the year t. 
: The migration balance in age group 'a' as a fraction of the total 
migration balance in reference year to-
: The migration balance in age group 'a' as a fraction of the total 
migration balance. 
: The migration balance in age group 'a'. 
: The number of people leaving age group 'a' due to ageing. 
: The number of people in age group 'a' per January 1st. 
: This variable indicates the degree to which the age structures of 
the age groups 55-64, 65-74, and 75-84 (a=l 1, 12 or 13) vary from 
a homogenous distribution. Thus, for instance, the number of 64-
year-olds is estimated as; Profile[ll]xPop[ll] CategoryWidth[ll] 
3.1.2.2 Notational conventions 
In the chapters 3 through 7 a number of notational conventions is used. These will be 
introduced here. 
The names used in equations are the same as used in the Pascal implementation of 
the model. As is a convention in Pascal, the names are more or less self-explanatory 
and therefore rather long. This has the disadvantage that equations tend to be longer 
than is customary in mathematics. The advantage is that, although in this model a large 
number of names for variables is used, the equations can easily be read without the 
constant need of an explanatory list. 
Indices are very often used in the equations. By convention, these indices are put be-
tween square brackets for variables calculated within the model and between round 
brackets for functions. These indices show that the variables in question have been sep-
arately defined for each category indicated by the indices. Conversely, if a certain index 
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is not shown, then the variable in question does not depend on the variable that this in­
dex stands for. For instance, Deaths[a], does depend on age (index a) but not on insur­
ance status (index s). This variable does, however, depend on time. This is not explicit­
ly mentioned for the variables with square brackets, as their time-dependency already 
follows from the fact that the model calculates these variables for each year. Only in 
cases in which the relationship between the values of these variables at different points 
in time is established, the index t is included. 
In the case of the functions the time-dependency will always be indicated explicitly 
by the inclusion of the t index. The most important indices are listed below: 
a age: values 1 to 7, which stand for the age groups 0-5, 6-12, 13-18, 19-29, 30-44, 
45-64 and 65+. 
In the population model, a has the values 1 to 14, which stand for the age groups 
0-5, 6-12, 13-18, 19-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-64, 65-74, 
75-84 and 85+ 
ac age: values One, TwoDecid, TwoPerm, Three ... Seven, ac is derived from a, 
however, in the 6-12 year age group a distinction is made between deciduous and 
permanent teeth, 
s insurance status: values l=National Health Insurance, 2=Private Health Insur­
ance 
г attendance status: values l=regular, 2=irregular, 3=edentulous 
tr treatment: the values of tr are abbreviations of the treatments for which the in­
dices stand, e.g., 'CheckUp' or 'FluorAppl' 
pr person who performs the treatment: the values are 'dentist', 'dental hygiënist' or 
'total' 
Wherever necessary, equations will be followed by indications as to the values of the 
indices to which the comparison applies. This will only be done for indices which can-
not have all possible values in the equation. So, for instance: 
j=№SocCl 
PopIn[a,s] = £ PopflowNumber[a-lj,s] (a=2..7) 
j=l 
This equation holds for all values of s but index a can only have the values 2 through 7. 
Occasionally, for technical reasons some variables have no indices. Still, these vari-
ables sometimes are used in an equation being valid for various values of one or more 
indices. In those cases all indices will follow the equation. For instance: 
I n s t r F r a c Hyglnstr(t,a,s,r) 
instrhrac -
 S o c P o p [ a s ] xF r a c R e g [a ) S )r] ( a- s ' r ) 
This implies that the equations holds for all values of a, s and r. 
In some equations the Pascal symbol ':=' is used to express how the new value from 
the variable at the left-hand side of the ':=' is calculated from its old value and other 
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variables. So, for instance: 
Demand[pr,gp] := Demand[pr,gp] + Startlndependent(t,pr) 
This equation implies that the new value for Demand[pr,gp] equals its old value plus 
the value of Startlndependent(t,pr). 
3.1.2.3 Mathematical description 
In describing the calculation procedure the same steps will be followed as in the verbal 
description. 
Calculation of parameters: 
ButhRate[a] = BirthRateTO[a] χ FuncBirth(t) (a = 3..9) 
DeathRatefa] = DeathRateTO[a] x FuncMort(t) 
Mig[a] = MigFrfa] x FuncMigr(t) x MigBalance 
Calculation of the number of live-born: 
9 
Births = £ BirthRate[a] x Pop[a] 
a=3 
Calculation of mortality: 
Deaths[a] = DeathRate[a] χ Pop[a] 
Calculation of ageing: 
о и
М =Catcgor?w!dth(a) <» =!••"» 
0 , d M =C
a teEorTw!dth(a) x P f o f i l eH (a=11..13) 
The equation for the time step is a balance equation: 
Pop[l](t+l) = Pop[l](t) + Births - Deaths[l] + Mig[l] - OId[l] 
Pop[a](t+l) = Pop[a](t) - Deaths[a] + Mig[a] - Oldfa] + OId[a-l] (a = 2.13) 
Pop[14](t+l) = Pop[14](t) - Deaths[14] + Mig[14] + 01d[13] 
3.1.3 Validation 
Initially, an attempt was made to work out the model described above with 1980 as the 
initial year. However, the results proved unsatisfactory, in spite of the fact that suffi­
cient empirical data were available. The number of people in age group 2 (6-12 years of 
age) in 1986, for instance, was overestimated by almost 10%. The reason is the rather 
irregular age structure, due to which the assumption of a homogenous age structure in 
all groups is untenable. As deviations in the validation period of the model will bias the 
entire simulation period, a solution was sought for this problem. In order to avoid undu-
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ly complicating the population model the following method was opted for: 
• use the empirical data as much as possible for the 1980-1991 period. 
• for the period after 1991 use the population model. This has been designed to follow 
the CBS prognosis for 1991-2050 as closely as possible (CBS, Maandstatistiek 
Bevolking 91/12 [Monthly Population Statistics]) 
This solution has two advantages. In the first place, optimal use is made of the empiri-
cal data during the important initial period; in the second place, the users of the model 
still have the freedom to experiment with possible demographic developments. The 
following analyses apply to the population model with 1991 as its initial year. 
3.1.3.1 Calculation of the initial situation 
In order to calculate the initial situation, the number of people in each age group on 
January 1st has to be determined. These figures have been drawn directly from CBS 
population statistics (CBS, Maandstatistiek Bevolking 91/12 [Monthly Population 
Statistics]). 
3.1.3.2 Calculation of the parameters 
Calculation of the birth rate 
The birth rate has been calculated as follows: the total number of live-born from people 
in an age group in 1991 is determined for each group separately and this number is di-
vided by the number of people in that group. All figures have been drawn from CBS 
population statistics. 
Calculation of the mortality rate 
In principle, the mortality rate is calculated in the same way as the birth rate. This cal-
culation is complicated, however, by the fact that the data are slightly less detailed. The 
number of deaths is given, according to sex, for a number of age classes. Since these 
classes do not match the age groups used in the population model, the figures in some 
of them have to be split up. This is the case with the CBS age classes 5-9, 10-14 and 
15-19, which have to be split up into 5-6, 7-9; 10-12, 13-14; and 15-18, 19 years, in or-
der to fit the population model age groups. The classes were split up on the assumption 
that the distribution of the deceased among the year-groups within a class is proportion-
ate to the distribution of the total number of people among the year-groups. In other 
words: mortality figures are assumed to be independent of age within the age classes. 
An example: estimate of the number of 19-year-old men who died in 1990. The total 
male mortality in the 15-19-year age group is 431. The fraction to be ascribed to the 19-
year-olds is determined as follows: per January 1st of that year, there are 127,444 19-
year-olds, the total number for the 15-19 age group being 564,656. The estimate for the 
mortality among 19-year-olds then becomes: 
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ΙΠ dad 
± ^ = χ 431 =97.3 
564656 
The same procedure is followed to determine mortality in other age groups and for 
women. The calculation of the mortality rates per age group, on the basis of total mor­
tality and the number of people in an age group, is a simple matter. 
Calculation of the migration balance per age group 
As already mentioned, migration is described by the migration balance and the distribu­
tion of this balance among the various age groups. A problem here is the fact that the 
distribution among the various age groups differs significantly - and, moreover, highly 
irregularly - throughout the years. It was decided, rather arbitrarily, to use the average 
distribution for 1989 and 1990 as the norm. Available figures from the CBS with regard 
to immigration and emigration are grouped into age classes which do not match those 
used in the population model, namely 0-14, 15-19, 20-29, 30-39, 40-49, 50-64 and 65+. 
The figures have been reallocated on the assumption that the distribution within the 
classes is homogenous. The only exception is the assumption that all migrants aged 65 
and over fall into the 65-74 age group. 
Estimation of the 'profile' variable 
The 'profile' variable indicates the degree to which mortality causes the age structure to 
deviate from a homogenous age profile. This variable has only been defined for age 
groups 11 to 13. This is because mortality is so slight in the lower age groups (less than 
1% per year) that it does not significantly affect the age profile. There is no ageing from 
age group 14, so there is no point in introducing a 'profile' variable for this group. The 
value of the 'profile' variable is estimated as follows: the number of people aged 64 
years (or 74, or 84) is determined in proportion to the total number of people in the 55-
64 age group (or 65-74, or 75-84). As this value is also affected by age structure varia­
tions caused by factors other than mortality, the average value for the years from 1985 
to 1991 is taken as the norm. This choice is of course an arbitrary one. 
The variation of the parameters with time 
The time-functions FuncBirth(t), FuncMort(t) and FuncMigr(t) should create variances 
in the birth rates, death rates and the migration balance which correspond to the hy­
potheses underlying the CBS prognosis for 1991-2050. Several issues play a role here; 
they will be discussed one by one. 
The CBS prognosis for 1991-2035 is based on a number of hypotheses as to the 
birth rate which cannot be quantified directly in the population model as it is used here. 
For example, hypotheses regarding the average number of children per woman or the 
median age at which women give birth. Since only the overall birth level can be 
'steered' in the population model, these hypotheses have to be translated. The hypothe-
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ses can be summarized as 'a slight increase in the birth rate' and, therefore, Func-
Birth(t) will have to be given values above 1. Taking this as a guideline, the values of 
FuncBirth(t) have been determined so as to ensure that the numbers of births generated 
by the model reasonably match the CBS prognosis results. Consequently, FuncBirth(t) 
has the following values. 
Table 3.1 The relative variation of the birth rate. 
FuncBlrth 
'1991 
0.985 
1992 
1 
1993 
1.015 
1994 
1.025 
1995 
1.04 
1996 
1.055 
1997 
1.075 
1998 
1.09 
2003 
1.09 
2008 
1.06 
2017 
1.045 
2020 
1.09 
The values for the intermediate years are determined by interpolation. 
In determining the variation of the death rate the problem arises that, once again, the 
hypotheses underlying the CBS prognosis cannot be quantified in the population model. 
The CBS hypothesis with regard to mortality is, in essence, steadily increasing life ex-
pectancy and, consequently, decreasing death rates. This means that FuncMort(t) will 
gradually decline from an initial value of 1. A number of trial runs, in which the death 
rate was adjusted to match the number of deceased and the total population size, pro-
duced the following values for FuncMort(t). 
Table 3.2 The relative variation of the death rate. 
FuncMort 
1991 
0.985 
1992 
0.97 
1995 
0.95 
1996 
0.95 
1998 
0.93 
2004 
0.90 
£2010 
0.87 
The intermediate values are established by interpolation. 
The values in the CBS hypotheses with regard to the migration balance can easily be 
translated into values for FuncMigr(t). The following values for the migration balance 
in the period starting from 1991 are used by the CBS: 
Table 3.3 The variation of the migration balance. 
FuncMigr 
1991 
54000 
1992 
54000 
1993 
52000 
1994 
48000 
1995 
43000 
1996 
38000 
1997 
33000 
1998 
30000 
1999 
27000 
S2000 
25000 
The function FuncMigr(t) exactly matches this variation. 
3.1.3.3 Comparison with the CBS prognosis 
In contrast with the other submodels for the population model it is possible to check 
whether its projections are good enough, as the model is to reflect the CBS prognosis. 
So for the population model the results will be compared with the CBS prognosis. 
The CBS prognosis contains two kinds of figures that can be compared with the re-
sults of the population model. The first kind are overall figures (size of the population, 
number of live-born and number of deceased). The second kind are detailed figures for 
the age structure of the population, which are available for a number of years. The 
overall figures will be compared first. 
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Table 3.4 Numbers of live-born, deceased and total population size (x 1000) per year according to 
the CBS prognosis and the model calculations and the difference between these num-
bers expressed as a percentage. 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2010 
2015 
2020 
CBS 
196 
199 
202 
204 
206 
207 
209 
209 
208 
207 
205 
202 
199 
196 
192 
179 
176 
186 
Uve-bom 
Model 
196 
199 
202 
204 
206 
207 
209 
210 
208 
206 
203 
201 
199 
196 
193 
183 
178 
184 
dev. (%) 
000 
000 
000 
000 
000 
000 
000 
048 
000 
-0 48 
-0 98 
-0 50 
000 
000 
052 
2 23 
000 
-1 08 
CBS 
129 
129 
131 
133 
134 
136 
138 
139 
141 
143 
145 
147 
149 
151 
153 
164 
176 
190 
Deceased 
Model 
129 
129 
131 
132 
134 
136 
137 
138 
140 
142 
144 
146 
148 
150 
152 
163 
178 
193 
dev. (%) 
000 
000 
000 
-0 75 
000 
000 
-0 72 
-0.72 
-0 71 
-0 70 
•0 69 
-0 68 
-0 67 
-0 66 
-0 65 
-0 61 
1 14 
1 58 
Total population 
CBS 
15010 
15132 
15255 
15378 
15497 
15612 
15721 
15825 
15925 
16019 
16108 
16193 
16274 
16349 
16419 
16688 
16857 
16979 
Model 
15010 
15131 
15255 
15378 
15498 
15613 
15721 
15826 
15928 
16023 
16111 
16196 
16276 
16351 
16422 
16706 
16889 
16987 
size 
dev. (%) 
000 
-0.01 
000 
000 
0 01 
0 01 
000 
0 01 
0 02 
0 02 
0 02 
002 
0 01 
0 01 
0 02 
0.11 
019 
005 
As to the size of the total population the deviations from the CBS prognosis are ne-
glectable. The deviations for the number of live-born are somewhat larger, but since the 
deviation is only incidentally larger than 1%, and the direction of the deviation fluctu-
ates, this is not much of a problem. For the mortality figures the deviations are compa-
rable to the deviations in the number of live-born, but they are far more consistent and 
therefore more serious. However, as it has been decided during the formulation of the 
conceptual model, no administrative corrections have been made in the population 
model, in contrast with the use of these corrections by the CBS. People leaving (or en-
tering) the population due to this reason, will be accounted for in the model as a ad-
justment of the number of deceased. This implies that the mortality figures in the CBS 
prognosis and those calculated by the model are not fully comparable. 
As has already been mentioned, figures with regard to the age structure of the popu-
lation are available for a number of years. In table 3.5, the CBS prognosis is compared 
to the results of the population model for the years 2000 and 2020. The same compari-
son is made for the broader age groups used in the rest of the model. The reason for this 
is the fact that the population model was designed, ultimately, to facilitate the descrip-
tion of the variation in time of these broader age groups. 
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Table 3.5 The numbers of people per age group (x 1000) according to the CBS prognosis and the 
model calculations and the difference between these numbers expressed as a percent-
age. 
age groups in 
pop. model 
0-5 
6-12 
13-18 
19-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-64 
65-74 
75-84 
85+ 
age groups in 
main model 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
2000 
CBS Model dev. (%) 
1246 1225 -1.7 
1390 1371 -1.4 
1110 1166 5.1 
1156 1264 9.3 
1188 1167 -1.8 
1333 1246 -6.5 
1333 1263 -5.3 
1228 1230 0.1 
1143 1161 1.6 
1149 1040 -9.5 
1579 1647 4.3 
1195 1267 6.0 
733 746 1.8 
238 230 -3.4 
2000 
CBS Model dev. (%) 
1246 1225 -1.7 
1390 1371 -1.4 
1110 1166 5.1 
2344 2431 3.7 
3894 3738 -4.0 
3871 3849 -0.6 
2166 2243 3.5 
2020 
CBS Model dev. (%) 
1085 1096 1.0 
1274 1337 5.0 
1212 1197 -1.2 
1314 1241 -5.5 
1091 1058 -3.0 
1039 1071 3.1 
999 1096 9.7 
1008 1124 11.5 
1197 1152 -3.8 
1304 1159 -11.1 
2375 2188 -7.9 
1853 1802 -2.8 
916 1101 20.2 
310 365 17.7 
2020 
CBS Model dev. (%) 
1085 1096 1.0 
1274 1337 5.0 
1212 1197 -1.2 
2405 2300 -4.4 
3046 3291 8.0 
4876 4499 -7.7 
3079 3267 6.1 
As was to be expected, introducing broad age groups in the population model instead of 
defining small groups containing people born in one year only, results in considerable 
differences between the size of the age groups in the CBS prognosis and those in the 
population model (deviations up to a maximum of 20%). Even though the magnitude of 
the deviations are considerable, they are rather harmless. Since these errors are caused 
by the non-homogenous composition of an age group, an overestimation of the 'ageing' 
group out of a certain age group for a number of years, will in the course of time auto-
matically be followed by an underestimation (or the other way around). This implies 
both that the differences are compensated for by neighbouring age groups and that any 
given difference will reduce over time. Finally, the second half of the table shows that 
the error becomes much smaller when wider age groups are considered, as is the case in 
(he other submodels. 
The conclusion of the comparison or the results of the population model with the 
CBS prognosis can be that these results resemble the CBS prognosis close enough to 
serve as an adequate input for the main model. 
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3.2 Socio-economic categories 
3.2.1 Conceptual model 
The second part of the population model consists of a subdivision of each age group. 
As well as his age, an individual's socio-economic background plays a significant role 
in aspects important to dentistry, and so each age group is subdivided according to a 
socio-economic criterion. A division into more than two subcategories is possible, but 
preference was given to two subcategories for the present implementation of the model. 
In principle, a SES-like criterion based on income and education was the preferred clas-
sification criterion, but this would have posed insurmountable problems in collecting 
data for the model. This eventually led to the selection of the current type of health in-
surance as the criterion. That is to say that one subgroup consists of those people cov-
ered by the Dutch National Health Insurance (NHI) and the other of those covered by 
private health insurance companies or statutory forms of insurance (IZA/IZR, etc.). 
Although this is not a clear-cut socio-economic criterion it does divide the population 
into two groups whose average socio-economic positions are clearly distinct. As such, 
this criterion can be regarded as an alternative way to define two separate socio-eco-
nomic categories. This implies that, although the criterion opted for had to be based on 
past insurance structures so as to facilitate data collection, it will continue to provide a 
useful division even when the distinction between publicly and privately insured people 
in the health insurance structures will disappear. The socio-economic categories thus 
created will sometimes also be referred to as insurance categories. 
The process of dividing each age group into two socio-economic categories is not 
only to apply to the total population size, but also to the variables representing births, 
mortality, ageing and migration as well. Here, as in the population model, this can be 
assumed to be independent of developments in the dental models. This means that out-
put from the demographic model needs only to be processed once to obtain a data set 
that can be used as input for the other models for the entire simulation period. The con-
cepts used in this process will now be described. 
The division of the population into a number of socio-economic categories is rela-
tively simple as only two socio-economic categories are involved. The model is, how-
ever, capable of working with more than two socio-economic categories, but this makes 
things considerably more complicated. The description given here is based on a situa-
tion where there are only two socio-economic categories. In working out the procedure, 
the following principles served as guidelines: 
• It should be possible to alter the relative sizes of the socio-economic categories by 
means of an exogenous steering variable. 
• Maximum simplicity should be safeguarded. Simplicity should of course be pursued 
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in any case, but it is especially important here. Any complexity arising in this pro-
cess has repercussions for the behaviour of each of the submodels fed by the results 
as processed. Greater complexity will make the behaviour of the other submodels 
more difficult to analyse and thus hamper the understanding of the simulation model 
as a whole. 
On the basis of these principles the following assumptions were made: 
• The variables 'mortality', 'migration' and 'ageing' will be distributed among the 
socio-economic categories in one age group in proportion to the size of those cate-
gories. This is an evident approximation of reality. The first age group is unique as it 
does not have an influx as a result of ageing. An exogenous variable is introduced to 
subdivide the total number of live-born over the two socio-economic categories. 
• A time-dependent input variable is defined, indicating the desired ratios between 
each of the socio-economic categories, for each age group. 
• In principle, there are two ways of steering the ratios between the two socio-eco-
nomic categories. It can be done, firstly, by allowing for switch-overs between them 
taking place within one age group. Secondly, the switch-over from one socio-
economic category to another can also take place, at the moment when a person 
moves from one age group to a more advanced age group. Both methods have been 
included in the model, but the latter option has been given prominence. The latter 
option has two advantages. In the first place, it makes it easier to model gradual 
shifts between the socio-economic categories. It also makes it easier for the model to 
reach a situation in which the ratio between the two socio-economic categories is 
stable. The disadvantage is that this method does not allow for the realization of 
sharp fluctuations in the ratio. For this reason, it has been decided to opt for the first 
option - switch-overs within one age group - only in those years in which a sudden 
change causes sharp variations in the distribution of the population among the two 
socio-economic categories. When the changes are gradual, and this is generally the 
case, the switch-over is only made when people move from one age group to the 
next due to ageing. 
3.2.2 Mathematical model 
3.2.2.1 Variables 
The following variables are introduced in the mathematical model concerning the divi-
sion in two socio-economic categories: 
NrSocCl : The number of socio-economic categories. 
PopflowFrac[a,s,j] : The fraction (of 01d[a]) flowing from the SocPop[a,s] catego-
ry to SocPop[a+lj]. 
PopflowNumber[a,s,j] : Same as PopflowFrac[a,s,j] but in absolute numbers. 
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PopIn[a,s] 
PopOut[a,s] 
SocFr[a,s] 
SocfrDesired[a,s] 
SocPop[a,s] 
The number of people entering SocPop[a,s] due to ageing. 
The number of people leaving SocPop[a,s] due to ageing. 
The fraction of the population in Pop [a] belonging to socio­
economic category s. 
The desired value of SocFr[a,s]. 
The number of people in age group a, socio-economic catego­
ry s. 
For the mathematical model concerning the division of the population over two socio­
economic categories, the most important part is the subdivision of the people leaving an 
age group and going to an older one, over the two socio-economic categories they are 
entering. As has been said in the formulation of the conceptual model, the influx in an 
age group is to be determined by an exogenous variable. This is the variable Socfr-
Desired. The following diagram shows the options for the origin of the influx in an age 
group. 
age: a age: a+I age: a age: a+1 age: a age: a+1 
category 1 
category 2 
x l % 
y l % 
x2% 
y2% 
x l % 
y l % 
Г 
x2% 
y2% 
x l % 
y l % "L 
x2% 
y2% 
A:xl=x2andyl=y2 B: xl<x2 and yl>y2 C:xl>x2andyl<y2 
Figure 3.1 Options for the transition between the two socio-economic categories 
in two consecutive age groups. 
In case A the distribution is equal in two consecutive age groups. The transition from 
one age group into the next is not accompanied by switch-overs from one socio­
economic category into the other. In case В the first socio-economic category is smaller 
in the lower age group than it should be in the next. In such a case, a group numbering 
(yl-y2)% will switch over from the second socio-economic category to the first upon 
entering the next age group. In the third case the situation is exactly the reverse: a group 
numbering (xl-x2)% will switch over from the first socio-economic category to the 
second. 
The procedure runs through the following stages: 
1 : At the initial time the initial values for SocPop[a,s] are read from file. 
Subsequently, for every time step: 
2: The values of SocfrDesired[a,s] are read from file. 
3: SocFr[a,s] is determined from SocPop[a,s] by: 
SocFr[a,s] = SocPop[a,s]/Pop[a] 
4: PopflowFrac[a,s,j] is calculated by means of the algorithm described in the preced-
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ing paragraph. 
5: PopflowNumber[a,s,j] is determined from PopflowFrac[a,s,j] by: 
PopflowNumber[a,s,j] = PopflowFrac[a,s,j] χ 01d[a] 
6: PopIn[a,s] and PopOut[a,s] are determined by the summation of 
PopflowNumber[a,sj] : 
j=NrSocCl 
PopIn[a,s] = Σ PopflowNumber[a-lj,s] (a=2..7) 
j=l 
j=NrSocCl 
PopOut[a,s] = X PopflowNumber[a,sj] (a=1..6) 
j=l 
7: All alterations in SocPop[a,s] are put together: 
SocPop[a,s](t+l) = SocPop[a,s](t) + (Mig[a] - Deathsfa]) x SocFrfa.s] + 
Births χ SocfrDesired[a,s] - PopOut[a,s] (a=l) 
SocPop[a,s](t+l) = SocPop[a,s](t) + (Mig[a] - Deathsfa]) x SocFr[a,s] + 
PopIn[a,s] - PopOut[a,s] (a=2..6) 
SocPop[a,s](t+l) = SocPop[a,s](t) + (Mig[a] - Deaths[a]) χ SocFr[a,s] + PopIn[a,s] (a=7) 
3.2.3 Validation 
As has been argued in paragraph 3.2.1 the criterion used for dividing the population in 
two separate socio-economic categories, is based on the current type of health insur­
ance. The first group consists of the people being covered by the Dutch National Health 
Insurance, approximately the lower 65% income group of the population. The second 
group of those covered by private health insurance companies or statutory forms of in­
surance (IZA/IZR, etc.). This will be the basis for the validation of this part of the 
model. 
Data used 
In validating the model, use was made of the data with regard to the numbers of insured 
people that can be found in the financial section of the yearly reports of the National 
Health Insurance Council (NHI Council). In principle, these figures are exactly those 
figures needed for the model, albeit that the age groups are not identical. This presented 
no problems for a number of groups as they can simply be added up to produce the age 
groups as used in the model. However, in a number of cases the dividing line between 
two age groups as used in the model ran through an age group in the NHI Council fig­
ures. In those cases such a group was split up on the assumption that the ratio between 
privately insured people and NHI-insured people is identical for all ages within that 
group. 
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Results of the validation 
To validate this section of the model, the values for the SocfrDesired variable have to 
be determined so as to reproduce the subdivision of the population based on the NHI-
figures. It was decided to set values for SocfrDesired which were exactly identical to 
the real ratios. As a consequence, changes in the ratio between the numbers of privately 
insured and NHI-insured in the model will to some extent lag behind the empirical data. 
This can be explained as follows. Take the group of 13-18-year-olds, for instance. In 
1980, the model starts with the correct values for the division into the two socio-eco­
nomic categories. For 1981, SocfrDesired indicates a value of 0.6549 for the proportion 
of NHI-insured people. This is to say that out of the group of people moving from the 
6-12 to the 13-18 age group due to ageing, 65.49% will then belong to the group of 
NHI-insured people. Since in the previous year the fraction of NHI-insured people in 
the 13-18 age group was 0.6561, this fraction will be diminished somewhat due to the 
influx, but it will not drop straight away to 0.6549. Since the yearly variations in the ra­
tios of NHI to privately insured people are generally very slight this will not create 
many problems. This eventually led to the following results for the percentage of NHI-
insured people in each age group in the 1980-1990 period. 
Table 3.6 Percentages of NHI-insured people according to model age groups for the 1980-1990 
period; the lower half of the table shows the deviation from the empirical data in per­
centages. 
Model 
0-5 
12-6 
13-1 θ 
19-29 
30-44 
45-64 
65+ 
Deviation (%) 
0-5 
6-12 
13-18 
19-29 
30-44 
45-65 
65+ 
1980 
65.99 
63.78 
65.61 
77.31 
64.55 
63.88 
76.53 
1980 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1981 
65.96 
63.72 
65.49 
77.30 
64.55 
63.88 
76.50 
1981 
0.16 
0.43 
0.64 
0.14 
0.00 
0.02 
0.39 
1982 
65.77 
63.52 
65.14 
77.19 
64.48 
63.84 
76.44 
1982 
0.94 
1.45 
1.79 
0.97 
0.92 
0.63 
0.79 
1983 
65.52 
63.27 
64.71 
77.06 
64.38 
63.88 
76.35 
1983 
1.29 
1.81 
2.12 
1.30 
1.15 
-0.68 
1.29 
1984 
65.29 
63.02 
64.36 
76.92 
64.31 
63.81 
76.23 
1984 
1.22 
1.69 
1.76 
1.33 
0.96 
1.21 
1.75 
1985 
65.02 
62.75 
64.04 
76.76 
64.22 
63.78 
76.07 
1985 
1.41 
1.75 
1.67 
1.54 
1.17 
0.52 
2.27 
1986 
57.54 
53.16 
56.60 
76.42 
58.32 
63.49 
65.95 
1986 
0.00 
0.00 
0.00 
3.45 
0.00 
4.64 
0.00 
1987 
57.47 
53.05 
56.53 
76.13 
58.29 
63.19 
65.92 
1987 
0.33 
0.68 
0.45 
3.05 
0.35 
4.99 
0.43 
1988 
57.52 
53.07 
56.54 
75.97 
58.33 
62.89 
65.88 
1988 
-0.21 
-0.18 
-0.07 
1.60 
-0.53 
4.76 
0.53 
1989 
57.55 
53.10 
56.55 
75.83 
58.37 
62.59 
65.84 
1989 
-0.88 
0.13 
2.52 
0.98 
-1.67 
3.75 
-0.16 
1990 
57.58 
53.12 
56.56 
75.70 
58.41 
62.30 
65.80 
1990 
-0.69 
0.14 
2.56 
0.74 
-1.93 
3.46 
0.50 
The deviations from the empirical data as shown in the lower half of the table are gen­
erally small; only the drastic changes in 1985 have resulted in somewhat greater devia­
tions. They become smaller in the course of time, however, which is due to the effect of 
the model lagging behind any changes, as described in the example preceding table 3.6. 
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Chapter 4 
The dental attendance model 
4.1 Introduction 
The central issue in the attendance model is the modelling of the following two aspects 
of dental health care: 
• Starting from a given population, subdivided into two insurance categories, an as-
sessment is made of the factors responsible for changes in the numbers of people 
that visit a dentist regularly, irregularly, or are completely toothless (edentulous). 
These figures are also used as the state variables for this submodel. Determination of 
the transition from (ir)regular dental attender to edentulous is based on the treatment 
model and is not part of the attendance model. 
In order to prevent misunderstanding, the population belonging to either one of the 
subcategories of an age group will always be referred to as 'age group', and the 
population within one specific subcategory - for instance, the irregular dental atten-
dere in the second socio-economic category - will simply be referred to as a 
'category'. 
• For each category the frequency of visiting the dentist and dental hygiënist in a year 
is determined. 
As the two main subjects of this chapter are of a rather different nature they will be dis-
cussed separately. Firstly, the determination of the numbers of regular dental attendere, 
irregular dental attenders, and edentates and the factors responsible for their develop-
ment over time is elaborated on. Secondly, the variables that are included in this model 
to explain the frequency of dental attendance within each category will be described. 
4.2 Characterization of the population by 
attendance behaviour 
4.2.1 Conceptual model 
The following definition for regular dental attendance is used: 
A person is a regular dental attender if he or she is dentate and visits a dentist at 
least once a year for a check-up. 
This definition corresponds to what most people will intuitively understand if they hear 
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the term regular dental attender (despite the fact that this definition deviates from that 
used by the Dutch National Health Service up to now (1994), which demands two 
check-ups yearly if people are to retain their dental insurance cards). The attendance 
behaviour of edentulous people is so different from that of dentate people that it is de­
cided to include them in the model as a separate category. One advantage is that vari­
ables concerning exclusively dentates or edentates do not have to be quantified for the 
entire population, but only for the category concerned. Therefore, the population is 
subdivided into three categories, namely regular attendere (dentate), irregular attendere 
(dentate), and the completely toothless (edentulous). 
4.2.1.1 Theoretical background 
One of the problems encountered in trying to provide a psychological foundation for 
the dental attendance behaviour of people and the underlying attitudes, is that there are 
so many different attitude theories. In his 'Theories of Attitude Change', Insko (1967) 
discusses no less than twelve theories, from Skinnerian conditioning theories to 
Freudian psychoanalytical theories. None of these theories can be considered as the 
only one relevant for the model, leaving the others being unnecessary. However, it is 
felt that a theory of learning could be useful as a partial foundation for the model, on 
the one hand because it seems to match the literature in the field of dental attitudes and 
dental attendance quite well, and on the other hand because this theory is relatively 
simple to formalize as a system dynamics model. The fact that has been opted for a 
theory of learning does not mean that elements of other theories would not be added to 
the model as well. For pragmatic reasons, models used within the system-theoretic ref­
erence framework almost always have a theoretically mixed character. 
At this point, some definitions and assumptions of Hovland, Jenis and Kelly's rein­
forcement theory are mentioned (from: Insko, 1967). 
a. An attitude is a disposition towards a particular behaviour (in the case of this model: 
dental attendance). 
b. Attitude development and attitude changes are based on learning processes. 
с Exposure to persuasive communication can induce such a learning process. This ex­
posure is regarded as a compound stimulus evoking questions as well as providing 
answers. 
d. Learning behaviour is more effective if it is reinforced by sanctions (reward for 
positive behaviour, punishment for negative behaviour). 
e. The behaviour following from the attitude will itself reinforce the attitude if the be­
haviour or its consequences have a rewarding function for the individual (reinforce­
ment of behaviour by itself). 
f. Social relations, and particularly relations within primary groups such as the family 
and peer groups, are an important source of positive and negative sanctions capable 
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of inducing attitude changes, 
g. It follows from point e that attitudes are subject to decline if the frequency of the 
behaviour concerned decreases. 
Wherever these assumptions or parts of these assumptions are included in the formal 
model, this will be mentioned explicitly in the presentation of the formal model and in 
its validation. But first the difficulties involved in making some of the concepts of the 
theory of learning operational are discussed. 
It was opted for a construction in which the concept of attitude is not included in the 
model as a state variable. Differences in attitude are only dealt with indirectly as differ­
ences between regular and irregular dental attenders. The reason is that it is already 
difficult to make the concept of attitude operational at a personal level. Moreover, the 
model functions at a population level. This means that although developments in atten­
dance behaviour in the model can be based on, among other things, developments in the 
attitude of individual people, the 'average attitude per category' was not monitored. 
4.2.1.2 Modelling changes in attendance behaviour 
In the model, a number of groups of variables can be discerned that affect the numbers 
of people regularly visiting a dentist in different ways. The principal dichotomy is be­
tween variables that contribute to irregular dental attenders becoming regular dental at­
tenders, and those that lead to the opposite effect. 
Transition from irregular to regular dental attendance 
The variables describing how many people decide to start visiting a dentist regularly 
can be subdivided into two different groups, each with their own characteristics. The 
first one concerns motives that encourage people to visit a dentist regularly. The second 
concerns factors that cause people who do want to visit a dentist regularly not to do so. 
These latter factors are called obstructive factors. 
Motives 
The following motives for regular dental attendance are included in the model: 
• The quality of dentition. The idea here is that because of their bad dentition people 
will decide that it might be better to start visiting a dentist regularly. In other words, 
there is a perceived profitability of dental attendance given a certain stage of tooth 
'decline'. However, the relation between 'dental attendance' and 'oral health' is U-
shaped, meaning that there is a critical threshold in the perceived profitability of 
visiting a dentist regularly. At an advanced stage of decline it becomes less likely 
that people will switch from irregular dental attendance to regular dental attendance 
(see points с and d in the theoretical description). 
• Education aimed at improving the attention given to oral care including dental at­
tendance (see points b and с in the theoretical description). 
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• Behaviour improvement. What is referred to here is the trend towards taking better 
care of one's teeth due to direct environmental influences, for instance, education 
and social environment (see point f in the theoretical description). 
Obstructive factors 
• The cost. Obviously, the tariffs for dental care (in this case expensive dental care) 
may cause people who would otherwise visit a dentist regularly not to do so after all. 
The subjectively perceived cost associated with dental attendance is the conditional 
factor determining whether or not latent behaviour intentions will lead to actual at-
tendance behaviour. In this instance, cost is defined as the average cost of dental at-
tendance as expected in the category concerned (cost can have the role of a 
'sanction' as mentioned in the theoretical description). 
• The saturation effect. This factor has a different background. The underlying 
premise is that as the group that attends a dentist irregularly becomes smaller, it will 
become more 'stubborn'. This means that the circumstances will have to be ex-
tremely favourable before they decide to start visiting a dentist regularly. 
Transition from regular to irregular dental attendance 
Contrary to the situation described above, there are no obstructive factors among the 
variables determining the transition from regular to irregular dental attendance. The fol-
lowing variables can be distinguished: 
• Autonomous decline. This means that if a particular behaviour pattern is not stimu-
lated enough, it will decline automatically (see point g in the theoretical descrip-
tion). 
• The cost. If dental care becomes more expensive or if the expected cost of dental 
care rises, more people will decide not to visit a dentist any longer unless attendance 
is unavoidable (for instance in the event of pain). 
• The quality of dentition. The premise here is that people with a dentition that is so 
good that dental care is hardly ever necessary will be less inclined to visit a dentist 
regularly; in other words, the perceived profitability of dental attendance decreases. 
Demographic influences 
Apart from the explanatory variables described above, also demographic factors will 
affect the numbers of (ir)regular dental attenders and edentates. These influences are 
elaborated upon in more detail in the formalization of this model. Overall, the approach 
selected assumes that, as far as content is concerned, there is no relation between dental 
attendance and demographic variables such as mortality or ageing. 
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Regular 
(age, 
insurance) 
stop reg. visits 
~" start reg. visits 
Irregular 
(age, 
insurance) 
full extraction 
Edentulous 
(age, 
insurance) 
Figure 4.1 Population flow in the attendance model. 
4.2.2 Mathematical model 
4.2.2.1 Variables 
The principal variables and functions used in this submodel are listed below. 
ChangesInVisit[a,s,r] : Attendere number of people entering attendance category 
a,s,r. 
DeltaDem[a,s,r] : The total change in the number of people in category [a,s,r] 
due to demographic influences. 
EducBudget(a,s) : Function representing the education budgets of government 
bodies, the Ivory Cross, etc. 
EducEffect(a,s,EducBudget(a,s)) : Function representing the effect of education as a 
function of the education budget. 
FilterForStimFac[a,s] : The product of the obstructive factors. 
FracIrregularPlus[a,s] : The fraction of regular dental attendere changing to irregu-
lar dental attendance. 
FracRegPlus[a,s] : The fraction of irregular dental attendere changing to regu-
lar dental attendance. 
FracReg[a,s,l] : The fraction of regular dental attenders. 
FracReg[a,s,2] : The fraction of irregular dental attenders. 
FracReg[a,s,3] : The fraction of edentates. 
IrregAutonomFunc(a,s) : The function that models the autonomous decline. 
IrregAutonom[a,s] : The value of IrregAutonomFunc(a,s). 
IrregPriceFunc(a,s,Pricelevel(a,s)) : Function representing the relation between the 
price level and the transition to irregular dental attendance. 
IrregularPlus[a,s] : The number of regular dental attenders changing to irregu-
lar dental attendance. 
IrregularQual[a,s] : The value of ToIrregularByQual(a,s,Qual) which repre-
sents the relation between the quality of dentition and the 
transition to irregular dental attendance. 
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IrregularToEdent 
01dProfileVisit(a,s,r) 
PopByVisit[a,s,l] 
PopByVisit[a,s,2] 
PopByVisitI_a,s,3] 
PopflowNumber[a,s,j] 
Pricelevel(a,s) 
Qual[a,s] 
RegAutonomFunc(a,s) 
RegAutonom[a,s] 
The number of irregular dental attendere receiving com-
plete dentures. 
Function showing the extent to which people leaving a cer-
tain age group due to ageing differ from average with re-
gard to the subdivisions regular, irregular, and edentulous. 
The number of regular dental attendere in category [a,s]. 
The number of irregular dental attendere in category [a,s]. 
The number of edentates in category [a,s]. 
The number of people going from category [a,s] to catego-
ry [a+l,j] due to ageing. 
The relative price level of dental care at time t for regular 
dental attendere. 
The parameter quantifying the quality of dentition. The 
quality of dentition is a weighted sum of the state variables 
introduced in the caries model and the periodontal model. 
A more detailed definition will be given in section 5.2.3.7. 
In general, the value of this variable will increase as the 
quality of dentition becomes worse. 
The function modelling the behaviour improvement. 
The value of RegAutonomFunc(a,s). 
RegPriceFunc(a,s,Pricelevel(a,s)) : Function representing the relation between the price 
level and the transition to regular dental attendance. 
RegularPlus[a,s] : The number of irregular dental attendere changing to regu-
lar dental attendance. 
RegularQual[a,s] : The value of ToRegularByQual(a.s) which represents the 
relation between the quality of dentition and the transition 
to irregular dental attendance. 
RegularSaturFunc(a,s,FracReg[a,s,l]) : Function representing the saturation effect; its 
value depends on fraction of people already visiting the 
dentists regularly. 
The value of RegularSaturFunc(a,s,FracReg[a,s]). 
The number of regular dental attendere receiving complete 
dentures. 
The 'sum' of the motives. 
The value of IrregPriceFunc(a,s,Pricelevel(a,s)) which rep-
resents the relation between the price level and the transi-
tion to irregular dental attendance. 
ToIrregularByQual(a,s,Qual[a,s]) : Function representing the relation between the 
quality of dentition and the transition to irregular dental 
attendance. 
The fraction of the group of irregular dental attendere 
switching over to regular dental attendance as a result of 
education. 
The value of RegPriceFunc(a,s) which represents the rela-
tion between the price level and the transition to regular 
dental attendance. 
RegularSatur[a,s] 
RegularToEdent 
StimulatingFactors[a,s] 
ToIrregularByPrice[a,s] 
ToRegularByEduc[a,s] 
ToRegularByPrice[a,s] 
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ToRegularByQual(a,s,Qual[a,s]) : Function representing the relation between the quali-
ty of dentition and the transition to regular dental atten-
dance. 
TransProbRef[a,s,l] : The fraction of the group of regular dental attenders decid-
ing to stop visiting a dentist regularly in the reference year. 
TransProbRef[a,s,2] : The fraction of the group of irregular dental attenders de-
ciding to start visiting a dentist regularly in the reference 
year. 
Note 
All variables with the character of rate variables, for instance RegularToEdent[a,s], 
have been defined as a change on a yearly basis, in which the year following the current 
point in time is the year under consideration. This also applies to functions such as 
ToIrregularByQual(a,s,Qual) or EducBudget(a,s). 
4.2.2.2 Construction of the difference equations 
For the notational conventions used in this chapter, one is referred to section 3.1.2.2 in 
the previous chapter. 
4.2.2.2.1 The transition to regular dental attendance 
The desired equations follow quite simply from the verbal description of the model. 
First, the variables representing the transition from irregular to regular dental atten-
dance are worked out in more detail. For this purpose a reference transition fraction is 
defined. This is the fraction of the irregular dental attenders which, under the circum-
stances prevailing in the reference year, decides to switch over to regular dental atten-
dance. The motives and the obstructive factors listed in the verbal description operate as 
factors on this reference fraction. These factors will be dealt with successively. 
The first motive is the quality of dentition. How this variable stimulates regular den-
tal attendance is represented by the function ToRegularByQual(a,s,Qual). The function 
shows the magnitude of the factor (dependent on a, s, and Qual) that acts on the transi-
tion fraction of the irregular dental attenders changing to regular dental attendance. In 
the reference year this factor is equal to 1 and therefore does not affect the reference 
transition fraction. The equation becomes: 
RegularQual[a,s] = ToRegularByQuaI(a,s,Qual[a,s]) 
The second motive is education. The effect of education is defined as a positive factor 
acting on the reference transition fraction from irregular dental attendance to regular 
dental attendance. In the reference year this factor is equal to 1 and therefore does not 
affect the reference transition fraction. The equation becomes: 
ToRegularByEduc[a,s] = EducEffect(a,s,EducBudget(a,s)) 
The third motive is autonomous improvement. This is a fraction of the irregular dental 
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attendere switching to regular dental attendance. If this fraction is zero, there is no au­
tonomous behaviour improvement. 
RegAutonom[a,s] = RegAutonomFunc(a,s) 
The first two motives are incorporated in one factor (StimulatingFactors) by multiplica­
tion. This gives: 
StimulatingFactors[a,s] = RegularQual[a,s] χ ToRegularByEduc[a,s] 
If one of these factors has a value of one (and therefore has no effect), it does not influ­
ence the total effect either. 
The first obstructive factor for the transition to regular dental attendance is the price 
level of dental health care. The function RegPriceFunc(a,s,Pricelevel(a,s)), which repre­
sents this relation, is defined as the fraction of the irregular dental attendere who, de­
spite a certain price level, still keep to their decision to switch to regular dental atten­
dance. This function will, therefore, have a value between 0 and 1. If it has a value of 1, 
this means that, despite the price level, everyone who has decided to visit a dentist 
regularly for other reasons will keep to this decision. The equation becomes: 
ToRegularBvPrice[a,s] = RegPriceFunc(a,s,Pricelevel(a,s)) 
The second obstructive factor is the saturation effect. Analogous to the previous func­
tion, the following function is defined as the fraction of the irregular dental attendere 
who, despite a certain level of saturation, keep to their decision to switch to regular den­
tal attendance. The equation becomes: 
RegularSatur[a,s] = RegularSaturFunc(a,s,FracReg[a,s]) 
If there is no effect at all, these factors will have the value of 1. It is assumed that the 
obstructive factors can also be multiplicative. This results in the following equation for 
the total effect of the obstructive factors. 
FilterForStimFac[a,s] = ToRegularByPrice[a,s] χ RegularSatur[a,s] 
Combining these factors, the equation for the fraction of the population who, on an an­
nual basis, switch to regular dental attendance as a result of the factors mentioned 
above, becomes: 
FracRegPlus[a,s] = TransProbRef[a,s,2] χ StìmulatingFactors[a,s] χ FilteiForStiniFac[a,s] + 
RegAutonom[a,s] 
This fraction can never exceed the value of 1 (theoretical maximum). As the state vari­
ables in this model are numbers of people, FracRegPlus[a,s] can be converted into a 
number by: 
RegularPIus[a,s] = FracRegPlus[a,s] χ PopByVisit[a,s,2] 
4.2.2.2.2 The transition to irregular dental attendance 
To describe the transition from regular to irregular dental attendance, three factors 
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have been introduced into the model. These three factors are all factors that influence 
the reference-transition fraction from regular to irregular dental attendance. This transi­
tion is analogous to the switch from irregular to regular dental attendance. 
The first factor is the price level. This function, describing the effect of the cost of 
dental care on ending regular dental attendance, gives the value of the factor (being 1 in 
the event of no effect at all) that represents the change compared to the reference transi­
tion fraction. This results in: 
ToIrregularByPrice[a,s] = IrregPriceFunc(a,s,Pricelevel(a,s)) 
The second factor is the quality of dentition. This function is defined in the same way 
as the factor described above, the explanatory variable in this instance being the quality 
of dentition. The equation becomes: 
IrregularQual[a,s] = ToIrregularByQual(a,s,QuaI[a,s]) 
The third factor affecting the transition from regular to irregular dental attendance is au­
tonomous decline. The function representing autonomous decline is defined as the frac­
tion of the population attending a dentist regularly who, on an annual basis, decide to 
stop doing so. The equation becomes: 
IrregAutonom[a,s] = IrregAutonomFunc(a,s) 
It is assumed that the first two factors can be multiplied together, the third factor is 
added to the resulting value. The equation for the total effect of these factors then be­
comes: 
FracIrregularPlus[a,s] =TransProbRef[a,s,l] xToIrregularByPrice[a,s] χ IrregularQuaI[a,s] + 
IrregAutonom[a,s] 
Here, too, the fraction FracIrregularPlus[a,s] cannot exceed 1. FracIrregularPlus[a,s] is 
also converted into a number: 
IrregularPlus[a,s] = FracIrregularPlus[a,s] xPopByVisit[a,s,l] 
4.2.2.2.3 The transition from dentate to edentulous 
The fall in the number of regular and irregular dental attendere as a result of people re­
ceiving complete dentures (the result being an increase in the number of toothless peo­
ple) is expressed directly in numbers. The number of people leaving the category of 
regular dental attenders is equal to the number of people receiving full dentures for the 
first time. This also applies to the number of people leaving the category of irregular 
dental attenders for this reason. These numbers will be calculated in the treatment 
model. 
4.2.2.2.4 The determination of demographic influences 
Apart from the factors discussed so far, the number of (ir)regular dental attenders in any 
category is also influenced by demographic variables. It is assumed that the demograph-
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ic variables representing births, mortality, migration and ageing are independent of 
dental attendance This means that the distribution of these variables among regular and 
irregular dental attendere and edentates is given by the variable FracReg[a,s,r]. The 
only exception concerns the proportion of edentates in the group leaving an age group 
because of ageing In general the fraction irregular or edentulous people in those leav­
ing an age group due to ageing will be different from the average for the whole age 
group. The extent of this over- or under-representation is represented by the variable 
01dProfileVisit[a,s,r]. 
It works like this suppose in the highest year of age group 4 (19-29) of people covered by the 
National Health Service, edentates are over-represented by a factor of 25%, proportionally dis­
tributed among regular and irregular dental attenders Suppose also that the division mto regu­
lar, irregular, and edentulous for this category is on average 60% 30% 10% Then the variable 
OldProfileVisit would now have the following values 
01dProfileVisit[4,l,l] = l 
01dProfileVisit[4,l,2] = l 
01dProfileVisit[4,l,3]=125 
Without correction the following calculation would be possible if 1000 people left this catego­
ry, 600 would belong to the category of regular dental attendants, 300 to the category of irregu­
lar dental attenders, and 100 would be edentulous With correction the resulting numbers are 
first multiplied by the values of OldProfile Visit This gives 
600x1=600 
300x1=300 
100x125 = 125 
Adding these figures up gives a total of 1025 However, as the total number of people leaving 
this age group because of ageing only amounts to 1000, the figures have to be multiplied by 
1000/1025 After correction, the three figures (600, 300, 100) thus become 585, 293 and 122 
The consequences of demographic effects on the numbers of regular dental attenders, 
irregular dental attenders, and edentates can now be determined quite simply. For a cat­
egory with indices a, s and r, migration and mortality will increase the numbers by. 
(Mig(a) - Deaths(a)) xSocFr[a,s] χ FracReg[a,s,r] 
In age group [l,s], the number of people in attendance category г (r=l,2,3) will increase 
due to births by: 
Births χ SocFr[a,s] χ FiacReg[a,s,r] 
For the category with indices a,s (l<a<6), the number of people leaving attendance cat­
egory г due to ageing can be calculated as follows: first, the correction factor for the 
over-representation of edentates is determined: 
QldProfileVisit[a,s,r] 
CorFac[a,s,r] = j=NrSocCl 
Σ FracReg[a,s,j] χ OldProfileVisit[a,s,j] 
J = l 
The required number of people then becomes: 
58 
The dental attendance model 
j=NrSocCl 
V PopflowNumber[a,s,j] χ FracReg[a,s,r] χ CorFac[a,s,r] 
j = l 
A similar equation applies to the number of people entering an attendance category as a 
result of ageing. 
4.2.2.2.5 Resulting equations 
Now all the ingredients necessary for the ultimate equation are mentioned. The total 
change as a result of demographic influences becomes: 
DeltaDem[l,s,r] = (Mig(l) - Deaths(l)) x SocFr[l,s] xFracReg[l,s,r] + 
Births xSocFr[l,s] xFracReg[l,s,r] -
j=NrSocCl 
£ (PopflowNumber[l,s,j] x FracReg[l,s,r] x CorFac (a=l) 
j=l 
DeItaDem[a,s,r] = (Mig(a) - Deaths(a)) x SocFr[a,s] x FracReg[a,s,r] + 
j=NrSocCl 
V PopflowNumber[a-l j,s] χ FracReg[a-l,j,r] χ CorFac[a-l,j,r] -
j=l 
j=NrSocCl 
V PopflowNumber[a,s j] χ FracReg[a,s,r] x CorFac[a,s,r] (a=2..6) 
j=l 
DeltaDem[7,s,r] = (Mig(7) - Deaths(7)) x SocFr[7,s] χ FracReg[7,s,r] + 
j=NrSocCl 
V PopflowNumber[6,j,s] χ FracReg[6,j,r] (a=7) 
j=l 
The total change per attendance category can now be filled "in as follows. The change in 
the number of people in the category of regular dental attendere now becomes: 
ChangesInVisit[a,s,l] = DeltaDem[a,s,l] + RegularPlus[a,s] - IrregularPlus[a,s] -
RegularToEdent[a,s] 
The change in the number of people in the category of irregular dental attenders is: 
ChangesInVisit[a,s,2] = DeltaDem[a,s,2] - RegularPlus[a,s] + IrregularPlus[a,s] -
IrregularToEdent[a,s] 
The number of new edentates becomes: 
ChangesInVisit[a,s,3] = DeltaDem[a,s,3] + RegularToEdent[a,s] + IrregularToEdent[a,s] 
4.2.3 Validation 
An important aspect of the validation process consists of activities to achieve a good 
overall view of the classification of the population according to age, insurance form and 
attendance behaviour in the period between 1980 and 1988. (As this submodel was val-
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idated at the start of 1991, data from some of the sources were only available up to 
1988.) The set of data that was created for this purpose will be referred to as the 'verifi-
cation figures'. In principle, the model only requires these data for the first simulation 
year. It computes the data for the ensuing years itself. As many of the parameters play-
ing a part in these computations are not recorded in the literature, a reversed working 
method was followed. If it is known what the results for an ensuing year ought to be 
(and this is described by the verification figures), an approximate value of a number of 
parameters can be deduced. 
4.2.3.1 Verification figures for the percentage of edentates 
Several sources dealing with edentates among the Dutch population are available. The 
following sources are used: data from the LEOT project (Truin et al., 1987), from CBS 
surveys: 'Statistisch Zakboek' (1980-1990) [the Statistics Pocket Book] and the CBS 
monthly health bulletin 'Gezondheid' [Health], and an article from Van den Berg 
(1984). On some points the sources were contradictory. In a number of cases these dif-
ferences can be explained from the different research set-ups. The differences in the 
highest age group between the LEOT data and the CBS data (1987), for instance, are 
partly caused by the fact that the LEOT survey used a maximum age of 74 which was 
not used in the CBS surveys. The stress in the calculations to estimate the correct values 
on the basis of all sources was placed on the data provided by Van den Berg (1984) and 
the time series in the CBS data. The data provided by the 'Statistisch Zakboek' (1980-
1990) [the Statistics Pocket Book] have the advantage of an almost perfect format; i.e., 
the data are presented in relatively small age intervals and is subdivided according to 
insurance form. The main adaptation that had to be made was the division of the age 
groups 40-49 and 60-69, because in the model these groups both fall into two age 
groups (namely 30-44 and 45-64, and 45-64 and 65+, respectively). The LEOT data 
only played a minor role; it was used to split up the data from two age groups from the 
'Statistisch Zakboek'. 
4.2.3.2 Determination of the verification figures for the categories 
regular-irregular 
In the monthly bulletin 'Gezondheid' [Health] (CBS, 1985) percentages are given for 
all dentates who visited the dentist in one year (1983). The age-specific figures are also 
classified according to insurance form. Similar figures, though not specified according 
to age, are given for the years 1981 up to and including 1988. As the same source also 
provides numbers of dentates and edentates in each of the same age groups for 1981, 
the attendance figures are first adjusted for 1981 using the total percentages given for 
1981. Consequently, the age-specific attendance percentages for 1981 are converted to 
the model categories. As these percentages also include those people who just happened 
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to visit the dentist once that year (because of complaints or for other reasons), and as 
the model regards regular dental attenders as people visiting a dentist for a check-up at 
least once a year, the attendance percentages have to be corrected for patients who did 
not visit the dentist for regular check-ups. These percentages were estimated on the ba-
sis of data on the attendance behaviour of dentates (the ratio between the number of 
check-up visits, recall visits and complaints) given in the LEOT survey. The percentage 
of regular dental attenders is known for 1981. The percentages for the years 1980 up to 
and including 1988 can now be calculated by multiplying the percentages for 1981 with 
a factor depending on the year and the insurance category. These factors are computed 
by first fitting a regression line through the percentages and by then calculating the new 
percentages using the regression constants. The factor then becomes the percentage cal-
culated by regression divided by the reference percentage (the percentage for 1981). 
As well as subdividing the population into regular-irregular dental attenders and 
edentates, the population flows between the regular-irregular dental attendance cate-
gories must also be assessed. This is described in the next section. 
4.2.3.3 Determining the population flows from regular to 
irregular dental attendance and vice versa 
The numbers of (ir)regular dental attenders in any one year are deduced from the num-
bers in the previous year in conjunction with the demographic developments in that 
year. The regular-irregular division within one age group also has to be taken into ac-
count now. The basic assumption here is that the internal ratio remains the same within 
each age group, with the exception of the youngest group: more 5 year-olds will visit a 
dentist regularly than the average for the age group 0-5, and children are 'born' as ir-
regular dental attenders. 
The differences now apparent between the calculated numbers and the verification 
figures are caused by people switching to the category of (ir)regular dental attenders or 
to the category of edentates, transitions that have not yet been processed. The determi-
nation of the number of people becoming edentulous depends on the number of times 
the treatment 'full dentures' is performed. The validation of this procedure will be dealt 
with in section 7.4. At this point attention is limited to the shifts between the regular 
and irregular dental attenders. The net shift between regular and irregular within one 
year can be determined from the differences that become apparent if only the demo-
graphic shift is applied and the results are compared to the value of the verification 
figures in the next year. However, this does not yet provide all the required information. 
An example: Suppose that 900 000 National Health Service patients in the age group aged 13-
18 visited a dentist regularly in 1985 and suppose that in 1986 this number would have risen to 
920 000 if only demographic processes played a role and no one had changed his attendance 
behaviour. If the verification figures were to show that there were 940 000 people in that par-
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ticular category, there would have been a net shift from irregular to regular dental attendance of 
20 000 people (in that particular category). It remains unclear, however, whether this was 
caused by 20 000 people switching from irregular to regular attendance, or for instance by 
30 000 people, while in the same period 10 000 people went in the opposite direction. 
As the model also requires estimates regarding the fraction of regular dental attenders 
switching to irregular attendance, as well as estimates on the reverse process, additional 
information is needed. This information was found in National Health Service statistics 
regarding new dentition restorations (Commissie Tandheelkundige Statistiek [Commis-
sion on Dental Statistics], 1980-1990). From these statistics it can be deduced how 
many new dental insurance cards were issued to 0-5 year-olds and to people over 6 in 
1980 up to and including 1984, and to people over 20 in 1987 up to and including 1989. 
By using these figures, it can roughly be deduced how many National Health Service 
patients switch from irregular to regular dental attendance; the age distribution, which 
the data does not show, has been adapted in such a way that the numbers correspond to 
the net numbers and the National Health Service data. 
4.2.3.4 Validation of the influence of steering factors on the 
classification into regular and irregular dental attendance 
In the previous section the basic transition fractions that determine the transition from 
regular dental attendance to irregular dental attendance and vice versa are described. In 
the verbal description a number of other factors that also have a steering influence were 
mentioned. It should be stated here that these factors have a modifying effect on the 
basic transition factors which hold for the year 1986, which implies that the basic val-
ues are the principal ones, and the validation of the various factors can only lead to rela-
tively limited variations in those basic values. 
Motives for the transition to regular dental attendance 
The verbal description lists three motives that determine the transition from irregular to 
regular dental attendance: the quality of dentition, education and autonomous behaviour 
improvement. Education has been introduced into the model in such a way that it is 
possible to determine, by way of a policy experiment, the percentage by which the basic 
transition fractions would rise as a result of a hypothetical education programme. This 
means that this factor need not be validated, as this is the responsibility of the maker of 
a policy experiment. The autonomous behaviour improvement factor is assumed to 
have a constant influence, and as such it has been incorporated into the basic transition 
fractions. This leaves us with the influence of the quality of dentition. In section 5.2.3.7 
it will be described how a measure for the 'quality of dentition' is constructed specifi-
cally for this model. Because a generally accepted measure does not exist, it was not 
possible to indicate the influence of the quality of the dentition on the transition from 
regular to irregular dental attendance (or vice versa) on the basis of literature. This is 
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why, in the validation, it was decided not to incorporate this factor into the model de-
spite the fact that on theoretical grounds such a connection can be assumed. This means 
that the function ToIrregularByQual has a value of 1 and therefore does not influence 
the transition from irregular to regular dental attendance. 
Obstructive factors to the transition to regular dental attendance 
There are two factors that can obstruct a possible transition to regular dental attendance. 
These factors are the price level of dental health care, determined in the function 
RegPriceFunc and the saturation effect, determined in the function RegularSaturFunc. 
The price level 
A large number of studies show that the cost of dental care directly relates to people's 
inclination to visit a dentist (Feldstein, 1973; Manning, 1979, 1985). This price level, 
too, is regarded as a relative variable. In the model the prices are those for a number of 
dental treatments that can affect dental attendance (Feldstein, 1973). These treatments 
are those likely to be performed when visiting a dentist. The prices concerned are those 
for: periodic check-ups, the removal of calculus, amalgam and composite restorations, 
and oral hygiene instruction. The steering influence of the price level on dental atten-
dance will be represented by developments in the prices of these treatments. 
The information in the literature was too inconclusive to allow for a thorough analy-
sis as to find the 'real' relation between price level and attendance. Therefore, the func-
tions chosen, are only a crude approximation. The function RegPriceFunc is the same 
for all ages, but differs for National Health and privately insured patients. Figures 4.2 
and 4.3 show these variations: 
Figure 4.2 The function RegPriceFunc for National Health patients. 
Equation: f(x) = 0.75+
 Q Q3 
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Figure 4.3 The function RegPriceFunc for privately insured patients. 
Equation: f(x) = 0.75+ - — ^ щ ^ 
Notice that the X-axis does not give values for the price level itself but difference val­
ues, the reference year being 1986. For example, suppose there is a point (40, 0.95) in 
the graph. This means that if the price level at a certain point in time is NLG 40 above 
the level in 1986, the function RegPriceFunc has a value of 0.95. 
The saturation effect 
The saturation effect addresses the idea that as the group attending a dentist irregularly 
becomes smaller, it will become more 'stubborn'. This means that the circumstances 
will have to be extremely favourable before these remaining people decide to start visit­
ing a dentist regularly. No literature was found describing this effect numerically. On 
the other hand this effect was considered to be too important to ignore in the mathemat­
ical model. Therefore an estimate for this relation was done based on common sense 
only. The course of the saturation effect is assumed to be identical for all categories. 
Figure 4.4 The function RegularSaturFunc. 
Equation: f(x) = =-
1+e o x 
In figure 4.4, too, the value of the X-axis needs some explanation. Again, the function 
is a modifying one. The X-axis, therefore, shows the difference between the fraction of 
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regular dental attendere in a particular year and the fraction for the same category of the 
population in 1986. If the fractions are the same, the function results in a value of 1, 
meaning that the saturation effect does not influence the effect of the motives. If the 
fraction is 10% larger, for instance, the value of the function will be about 0.8. This 
means that the effect of the motives will decrease by 20% as a result of saturation. 
The transition to irregular dental attendance 
There are three factors that influence the transition to irregular dental attendance. The 
first one is autonomous decline. For this process the same holds as for the validation of 
the saturation effect. Though conceptually clear, no information could be found describ­
ing the effect numerically. Based on common sense a fixed fraction was chosen, which 
is added to the basic transition fractions to irregular dental attendance. The values, 
which vary per category, are given in table 4.1. 
Table 4.1 Values of the variable IrregAutonom. 
Age 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65 + 
NHI Insured 
0.000 
0.000 
0.002 
0.004 
0.002 
0.004 
0.015 
Prlv. insured 
0.000 
0.000 
0.018 
0.006 
0.003 
0.003 
0.017 
The second factor is the price level. The function IrregPriceFunc is different for Na­
tional Health patients and privately insured patients. The two functions are shown in the 
figures 4.5 and 4.6. The explanatory remarks given for the function RegPriceFunc ap­
ply to these two figures as well. These functions, too, were" based on inconclusive data 
from literature and they also are modifications to the basic transition fractions showing 
the difference in price level as compared to 1986. 
Figure 4.5 The function IrregPriceFunc for National Health patients. 
14 Equation: f(x) = 0.3+ —-тг^г-
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Figure 4.6 The function IrregPriceFunc for privately-insured patients. 
Equation: f(x)= 0.3+i+e001x 
The final factor is the quality of dentition. As with the transition from irregular to regu-
lar dental attendance the influence of the quality of dentition on the transition from 
regular to irregular dental attendance is not activated. Which means that the function 
ToIrregularByQual is given the value 1. 
From the preceding paragraphs it becomes clear that during the validation it was not 
possible to find enough information in literature to validate the model with a high level 
of precision. Some relations which modify the transitions in the submodel had to be 
based on common sense. However, this does not imply, that the behaviour of this sub-
model is questionable to the same extent as these modifying functions are. These func-
tions are only of significant importance to the model behaviour if the independent value 
deviates to a large extent from the value it had in 1986. This is something that hasn't 
happened in the past (which actually is a major cause for the problems in estimating the 
size of the effects). In policy experiments in which major changes in the price level of 
dentistry are assumed, uncertainty will exist as how this will effect the transition from 
irregular to regular dental attendance and vice versa. 
4.2.3.5 Determining the ageing profile 
In the verbal description it has been indicated that the function of the variable Old-
Profile Visit is to record to what extent edentates and irregular dental attendere are over-
or under-represented among the people leaving a certain age group because of ageing as 
compared to the average in that category. It was not difficult to validate this variable, as 
the unedited data from the LEOT study could be used (Truin et al., 1987). As these data 
showed, for instance, the percentage of edentates among people aged 44, it could be 
calculated to what extent this percentage deviated from the average for the category of 
30-44 year-olds. Although in fact this only applies to the situation in 1986, it is as-
sumed that the ratio between these percentages is constant. A similar assumption was 
made with regard to the irregular dental attenders. 
66 
The dental attendance model 
4.3 Frequency of attendance 
4.3.1 Conceptual model 
The basic assumption behind the determination of the attendance frequency in each cat-
egory is as follows. Each category is assumed to have a particular basic attendance fre-
quency, which may vary depending on the values of a number of variables. The follow-
ing explanatory variables have been included in the model. 
• The quality of dentition. The basic assumption is that sound teeth may be a reason 
for not visiting a dentist quite so often, for instance, once instead of twice a year. 
(Notice that this effect is independent of the argument that a sound dentition stimu-
lates people to visit a dentist regularly.) Obviously, this variable does not apply to 
the group of edentates. 
• The price level. In this case, too, the prices of a number of dental treatments are 
concerned: periodic check-ups, the removal of calculus, amalgam and composite 
restorations, and oral hygiene instruction. Only the price level of these treatments 
affects the attendance frequency in the model. 
• Apart from these two factors an exogenous time-function is also distinguished. This 
is done to enable the modelling of trends as well as to carry out model analyses. 
The ultimate attendance frequency is the product of the basic attendance frequency, the 
quality of dentition factor, the price level factor and the time-function. The ultimate 
number of visits paid by a group in a particular category is found by multiplying the 
attendance frequency by the number of people in the group concerned. This calculation 
is carried out for both the number of visits to the dentist and to the dental hygiënist, and 
for each category separately. 
4.3.2 Mathematical model 
4.3.2.1 Variables 
The principal variables and functions used in this submodel are listed below. 
CountVisit[a,s,r,pr] : The number of visits. 
StartVisitFreq[a,s,r,pr] : The basic attendance frequency. 
VisitFreqPrice(a,s,r,pr,Pricelevel(a,s)) : Function showing the relation between the 
price level and changes in the attendance frequency. 
VisitFreqQual(a,s,r,pr,Qual[a,s]) : Function showing the relation between thè quality of 
dentition and changes in the attendance frequency. 
VisitFreqTime(a,s,r,pr) : Time-function for controlling the attendance frequency. 
VisitFreq[a,s,r](t) : Resulting attendance frequency in year t. 
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4.3.2.2 Construction of the equations 
The calculation of the number of visits has been subdivided into two parts. First, the at­
tendance frequency is calculated. This is done by multiplying the basic attendance fre­
quency by the parameters concerned. For the first two groups (and not for the edentates, 
therefore) this results in: 
VisitFreq[a,s,r,pr] = StartVisitFreq[a,s,r,pr]) xVisitFreqQuaI(a,s,r,pr,Qual[a,s]) χ 
VisitFreqPrice(a,s,r,pr,Pricelevel(a,s)) χ VisitFreqTime(a,s,r,pr) (r=l,2) 
For the edentates the quality of dentition as an explanatory variable is left out. 
VisitFreq[a,s,3,pr] = StartVisitFreq[a,s,r,pr] x VisitFreqTime(a,s,r,pr) χ 
VisitFreqPrice(a,s,r,pr,Pricelevel(a,s)) 
The corresponding numbers of visits can now be calculated simply by multiplying the 
attendance frequencies by the size of the population group concerned. 
CountVisit[a,s,r,pr] = VisitFreq[a,s,r,pr] χ PopByVisit[a,s,r] 
4.3.3 Validation 
4.3.3.1 Validation of the calculation of the frequency of dental 
visits 
The calculation of the frequency of dental attendance is based on a number of sources. 
The principal sources are the LEOT survey (Visser et al., 1988) and the CBS monthly 
health bulletins (1980-1990) [Gezondheid]. While the LEOT data deal with one single 
year, the CBS data form a time series covering several years. Although the CBS data do 
show some fluctuations, these fluctuations do not seem to have much structure. There­
fore, it is assumed that the attendance frequency per category is constant. Data from the 
LEOT survey on this topic reported on the timing of the last visit. To convert this into a 
frequency of visiting, it was assumed that a period of less then half a year for the last 
visit corresponds to a frequency of three visits a year, a period between a half and one 
year to a frequency of 1.33 visits a year (1/0.75), a period of one to two year to a 
frequency of 0.67 visits a year ( 1/1.5), period of 2 to 5 year to a frequency of 0.25 visits 
a year and a period of 5 years or more to a frequency of 0.1 visits a year. Under these 
assumptions the CBS data and the LEOT were quite similar. For the whole population 
the estimated visiting frequency differed only 1%. For various subgroups the 
differences were larger, but always less than 20%. Only the LEOT data gave informa­
tion on the difference between regular and irregular visitors. Therefore, LEOT data 
were chosen as starting point for calculation the visiting frequency, using the CBS data 
for estimating the difference in attendance frequency between NHI and privately in­
sured patients. 
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4.3.3.2 Controlling factors for the attendance frequency 
Apart from the basic values for the attendance frequency the attendance model also de-
scribes a number of factors that can have a modifying influence on the attendance fre-
quency. These factors are the quality of dentition, the price level and the exogenous 
time-function. This last function has been introduced to enable policy experiments in 
which the attendance frequency is directly influenced. Therefore, this factor does not 
have to be validated. As was the case with the calculation of the influence of the quality 
of dentition on the transition from irregular to regular dental attendance and vice versa, 
it is decided not to activate the influence of the quality of dentition here. The value of 
the function VisitFreqQual will, therefore, remain 1. This leaves only the influence of 
the price level on the attendance frequency to be validated. 
The influence of the price level on the attendance frequency 
The influence of the price level on the visiting frequency could not be estimated from 
literature with a reasonable precision. Therefore, additional assumptions had to be made 
to find a suitable form for the relation 'VisitFreqPrice'. In principle, the value of the 
function VisitFreqPrice may vary with age, the subdivision into regular and irregular 
dental attendance, and the insurance form. The same function is used for each age 
within the same category. The basic assumption with regard to the insurance form is 
that National Health Service patients are considered three times as sensitive to price de-
velopments as privately insured patients. The values of the function VisitFreqPrice for 
the different categories are represented in the figures 4.7 through 4.10. Again, these are 
modifying functions in which the X-axis represents the difference in price level com-
pared to 1986 (see also the comment following figure 4.3). 
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Figure 4.7 The function VisitFreqPrice for National Health Service patients 
visiting a dentist regularly. 
Equation: f(x) = 0.3+ ^.0¿.MM) 
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Figure 4 8 The function VisitFreqPnce for pnvately-insured patients 
visiting a dentist regularly 
Equation f(x)= 0 3+
 0 01 (x-194 59) 
Figure 4 9 The function VisitFreqPnce for National Health Service patients 
visiting a dentist irregularly 
Equation f(x) = 0 75+ - — ^ щ ^ 
1+C 
Figure 4 10 The function VisitFreqPnce for pnvately-insured patients 
visiting a dentist irregularly 
Equation f(x) = 0 75+ ññu 
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The pathology model 
The pathology model is concerned with the modelling of processes which influence oral 
health. In this submodel two relatively independent parts can be distinguished: the 
caries model and the periodontal model. Seen from a structural point of view these 
models have very much in common. However, since the content of the two parts is dis-
tinctly different, they are discussed separately in this chapter. 
5.1 Caries model 
5.1.1 Conceptual model 
In the caries model the pathology of the dentition is described at the level of teeth. 
Various pathologic processes can best be described at that level. Apart from caries, 
which is the most important, these processes are, e.g., attrition and abrasion. Of these 
diseases, caries is the most serious and dental care is far more related with the conse-
quences of the pathology due to caries than to the other pathologic processes. In Wil-
lemsen (1994) an overview can be found concerning expectations of future importance 
of these and various other pathological processes. He concludes that not enough solid 
epidemiological knowledge is available to justify incorporation of these processes into 
a model like this. Following a similar line of thought, it is decided to constrict the 
model, as far as pathology at the level of teeth is concerned, to caries. Based on this 
choice four state variables are defined for each category, namely: 
• The total number of sound teeth of all people in a category. 
• The total number of decayed teeth of all people in a category (including decayed re-
stored teeth). A tooth is considered decayed if there is a lesion reaching the dentino-
enamel junction. 
• The total number of restored teeth of all people in a category (excluding the restored 
decayed teeth). 
• The total number of missing teeth of all people in a category. 
Third molars are not taken into consideration. 
In order to distinguish between the deciduous and permanent teeth of children between 
6 and 12 years of age, the state variables for this age group will be defined twice; once 
for the deciduous teeth and once for the permanent teeth. Moreover, it is taken into ac-
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count that for this age group two fundamentally different reasons exist for the absence 
of deciduous teeth. On the one hand, they may have been extracted or lost due to caries 
or trauma and on the other hand they may have been shed. In order to maintain this dis-
tinction clearly in the model, the number of shed deciduous teeth is defined as an extra 
state variable for the deciduous teeth in the second age group. In the discussion of the 
model the first four state variables will also be referred to as caries categories. With re-
spect to the choice of these state variables a number of observations can be made. 
• Instead of defining the state variables at the tooth level, this could also have been 
done at the surface level. In principle, the oral status can be established more pre-
cisely by focusing at the surface level. For various reasons it has been decided not to 
do so in this model. At the population level there is a rather good relationship be-
tween the average scores of diseases at the surface level and at the tooth level. These 
can be derived from each other with a restricted margin for error. This makes the 
choice somewhat arbitrary. The advantage of defining the state variables at the tooth 
level is twofold. In the first place, they can be interpreted more easily by those hav-
ing limited knowledge of dental epidemiology. In the second place it facilitates the 
validation of the caries model, as certain details do not need to be worked out. When 
working with state variables at the surface level, for instance, a distinction has to be 
made between a 1, 2, 3 or multi-surface restoration if a restored tooth becomes de-
cayed again and is restored for the second time in order to know how many surfaces 
will ultimately be restored. This is not necessary if the state variables are defined at 
the tooth level. In this case one tooth will move from caries category 2 (decayed and 
possibly restored) to caries category 3 (restored, non-decayed). 
• No separate state variables have been defined for decayed teeth having a restoration 
and teeth with primary caries. This decision is based on weighing the precision of 
the model against its size. Basically the disease process is recorded less precisely if 
teeth with primary caries are not separately identified. However, one extra state 
variable would have increased the total amount of state variables by 28, as there are 
28 categories of dentates for which the state variables for the caries model are sepa-
rately defined. 
• As to missing teeth, no distinction is made with respect to the reason of missing. 
This is contrary to the common practice of epidemiological studies, particularly 
among children. In many studies teeth are only defined as missing if the absence is 
due to caries. With children it is sometimes difficult to find out why teeth are miss-
ing, but in adults it is even more difficult, if not impossible, and so the model does 
not record why a tooth is missing. This implies that, particularly in young people, 
who have experienced few extractions due to caries, a substantial proportion of all 
missing teeth is due to extraction for orthodontic reasons. This is important when 
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comparing the results of the model with epidemiological studies in which the DMF-
T number for children is mentioned. Moreover agenetic teeth are counted as absent, 
though of course this is not correct for teeth which the child never had. 
• The choice not to include third molars in the model is based on the fact that these 
have a separate function. Third molars are often extracted because they do not erupt 
sufficiently or are not functional for chewing, so there is little point in spending time 
on these teeth which are difficult to restore. Therefore it would not be a good idea to 
equate lacking third molars to other missing teeth. Because the demand for care re-
lated to third molars is also limited, it has been decided to leave third molars out of 
the model altogether. 
5.1.1.1 Dynamics of the caries model 
The behaviour of the model and the factors that influence this behaviour can be reduced 
to three different areas. Firstly, the changes that result from events at the population 
level, such as demographic processes, the process of shedding teeth or the transition 
from irregular to regular dental attendance. Secondly, all the factors which determine 
tooth decay. These can be distinguished into cariogenic factors and protective factors 
such as good oral hygiene which prevent decay. Finally, there are changes which occur 
as a result of dental treatment. In the following sections these three areas will be dis-
cussed successively. 
5.1.1.1.1 Changes at the population level 
A description of the way in which the state of this submodel is influenced by events on 
the population level can be divided into two sections. Firstly, the shedding process, 
which is fairly difficult to model as the shedding of teeth is a gradual process which has 
to be described in terms of clearly defined age groups. Secondly, the events as a result 
of which people enter or leave a category. Here, too, one must ensure that the correct 
number of teeth is transferred from one category to another. 
The shedding process 
In the shedding process the transition from deciduous dentition to permanent dentition 
has to be described. Ideally, this process would be described as follows (van der Linden 
and Duterloo, 1976). At an age of about 6 children get their first 4 permanent teeth. 
Subsequently, the 20 deciduous teeth are gradually replaced by permanent teeth over a 
period of 5 to 6 years. Finally, children get their last 4 molars at the age of about 12 (as 
was said before, third molars are not taken into consideration). It will be clear that this 
gradual replacement cannot be modelled directly in a model with relatively broad age 
groups, simply because no distinction is made between, for instance, children aged 6, 7 
or 8. As each category contains a large number of people, this problem can be solved in 
the following way. At any given moment, there are large numbers of children in all 
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phases of the shedding process. A short time later all these children move a little for-
ward. The oldest children shed their last deciduous tooth, while a number of young 
children arc ready to shed their first teeth. As this process takes place on a large scale, it 
can be effectively described by assuming that in each period a certain number of chil-
dren (for instance, 8-year-olds) shed all 20 deciduous teeth at one time. In reality, this is 
of course spread out over a larger age range, but with respect to the number of teeth 
which has to be 'transferred' (these numbers are the state variables of the model), this 
assumption makes no difference. The main problem in the description of the shedding 
process is thus solved and the whole process can be described step by step. 
• For each child entering a category of the 6-12 age group, four teeth are added to the 
number of sound permanent teeth. 
• For the number of children considered to be shedding teeth (the assessment of this 
number will be dealt with in the discussion of the dynamic behaviour of the model 
and the validation) 20 teeth are added to the number of shed teeth and to the number 
of permanent sound teeth. Of course, spread over the four caries categories, the 
number of deciduous teeth should also be decreased by 20. As a connection between 
the state (in the sense in which it is used here) of a deciduous tooth and the moment 
it is shed has never been shown, these 20 teeth have been divided proportionally 
among the caries categories. This means that if, for example, 70% of the deciduous 
teeth for the category concerned are sound, in the shedding process the number of 
sound deciduous teeth is decreased by 14. 
• For each child switching from the 6-12 age group to the 13-19 age group, the num-
ber of sound teeth is raised by 4. Moreover, this child takes 24 permanent teeth with 
him/her. As in the 6-12 age group the number of permanent teeth is on average less 
than 24, this number has to be corrected. It can be expected that 12-year-olds have 
relatively fewer sound teeth and more teeth in the remaining caries categories. 
Therefore the correction is not carried out proportionally, but according to a profile 
representing the difference between the oral status of 12-year-olds and the average 
of children aged 6-12. Finally, the number of shed deciduous teeth is decreased by 
20, as this number is only counted for children in the 6-12 age group. 
Other influences on the population level 
Modelling the other influences on the population level is fairly easy. With respect to all 
processes that take place on the population level (with the exception of ageing; this will 
be discussed later) it is assumed that if someone leaves or enters a certain category his 
dentition corresponds to the average dentition in the original category. This means that 
if, for instance, someone switches to regular dental attendance, the distribution of the 28 
teeth transferred from caries categories for irregular dental attenders to caries categories 
for regular dental attenders corresponds exactly to the average distribution of the origi-
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nal category. Likewise, the teeth corresponding to people entering the system due to 
migration are distributed among the caries categories in proportion to the average oral 
status of the category that person enters. For the sake of completeness it is pointed out 
that for each child entering the system by birth 20 sound deciduous teeth are added to 
the system. Although these children will of course only gradually get their deciduous 
teeth in the first years of life, the same line of reasoning is followed as with respect to 
the shedding process: the large scale of the process ensures a realistic description of re-
ality. 
As said before, an exception is made for the modelling of the ageing process. In 
general, people leaving a category due to ageing will have a dentition that is worse 
(fewer sound and, for instance, more extracted teeth) than that of the average person in 
that category. By means of a profile it is possible to alter the distribution of the teeth 
among the caries categories to such an extent that in these 28 teeth certain caries cate-
gories are relatively over-represented whereas others are under-represented. 
5.1.1.1.2 Modelling of tooth decay 
It has already been pointed out in the introduction that the modelling of tooth decay can 
be divided into two different parts, namely, the modelling of cariogenic influences and 
the modelling of protective factors which curb tooth decay. In addition, the model has 
the option of short-circuiting the modelling of tooth decay by not using the aetiologic 
model but working directly on the basis of incidence figures. For a comprehensive 
overview of the aetiology of caries, one is referred to König (1987). 
Cariogenic factors 
In the model the sugar consumption in kilograms per person per year has been included 
as the variable which controls cariogenic influences. Although there is no doubt that the 
consumption of sugar causes caries, it is difficult to relate the amount of sugar con-
sumed to the rate at which caries develops. It is known, however, that this rate depends 
above all on the frequency of sugar consumption. However, as this variable is difficult 
to measure, it is not very useful to include it in the model. Nevertheless, in order to 
have the option of making the consequences of sugar consumption dependent on other 
factors, a function has been defined, which - dependent on the sugar consumption and, 
if necessary, varying for each category - will give the 'result' of this sugar consump-
tion. The cariogenic influence of sugar is then modelled through this value. The reason 
for this is that for the sake of clarity of the model it is better to define a function which 
provides the desired values than to use an associative term referring to a variable which 
is used as a control variable rather than as an explanatory variable. 
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Protective factors 
The protective factors can be divided in two groups, namely, factors concerning the use 
of fluoride and factors concerning oral hygiene. 
The use of fluoride 
The model distinguishes between three ways in which fluoride can be used: the fluoride 
application, the use of fluoride-containing toothpaste and the use of fluoride tablets. All 
three forms are modelled by the product of two values, namely the fraction of the popu-
lation using fluoride in that form, and a parameter reflecting the effect of this form of 
fluoride use on the reduction of caries. The fraction of the population in a category us-
ing fluoride-containing toothpaste or fluoride tablets, is directly given by a time-func-
tion, which depends on the category under consideration. The fraction of the population 
undergoing the effect of a fluoride application is determined by the number of fluoride 
applications carried out on people in that category as calculated in the treatment model, 
multiplied by a term reflecting the durability of the application. This is an exogenous 
variable which can be used to model possible changes in the life span of fluoride appli-
cations. 
The effects of these three forms of the use of fluoride are integrated into one vari-
able representing the total reduction of caries incidence by the use of fluoride. It is 
known that the effect of fluoride is not additive. If, for instance, someone uses fluoride 
toothpaste and also starts to use fluoride tablets, the extra reduction of the caries inci-
dence resulting from this is smaller than the reduction resulting from the use of fluoride 
tablets alone. On the population level this argument is less valid, however. After all, the 
extra use of fluoride tablets, for instance, will partly be found among people who do not 
use fluoride in any other form and in that case the effect is additive. For the sake of 
simplicity it is opted for an additive formulation of the effects, with the assumption of a 
maximum effect of fluoride use. This maximum effect is smaller than the sum of the 
three individual maximum effects. 
Oral hygiene 
The factor 'oral hygiene' is referring here to the reduction of tooth decay as a result of 
good oral hygiene, through the positive effect of brushing and flossing one's teeth, etc. 
The factor 'oral hygiene' is dependent on the fraction of the population in a category 
receiving oral hygiene instruction. The way in which oral hygiene is determined by that 
fraction differs for each category and is also dependent on time. Although the precise 
development of the function will not be discussed here, for an understanding of the 
model it is important to point out that the dependence of oral hygiene on the fraction of 
the population receiving oral hygiene instruction in a category is rather small compared 
to the differences between the various categories. In other words: oral hygiene is more 
dependent on a person's age and whether or not he visits the dentist regularly, than on 
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the fraction of the population receiving instruction in oral hygiene in the category in-
volved. 
Synthesis 
Three variables are described which ultimately determine tooth decay, being the 'result' 
of sugar consumption (which will be called the 'sugar factor'), the total effect of the use 
of fluoride (the 'fluoride factor') and the 'oral hygiene factor'. These three factors can 
be seen as modification factors of an average rate of tooth decay. Of course, the three 
factors function at a certain level in the person for whom the decay rates have been es-
timated. This is called the reference level. The cariogenicity at a certain moment is 
given by the product of an age-dependent reference level which depends of the category 
involved, a function of the sugar factor, a function of the fluoride factor and a function 
of the oral hygiene factor. 
Cariogenic influences have somewhat delayed effects. This phenomenon has been 
modelled by defining the ultimate cariogenicity as a first-order delay of the combina-
tion of cariogenic influences as described above. 
5.1.1.1.3 Modelling of treatments 
For most treatments it is very simple to determine their consequences for the caries 
model. For each new restoration, for instance, a tooth will be transferred from the de-
cayed category to the restored category. However, there are a number of treatments for 
which the consequences are slightly more complex. This will be discussed in sections 
5.1.2 and 5.1.3, where the mathematical model and its validation is discussed. The prin-
cipal relationships in the caries model are outlined in figure 5.1. 
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Figure 5.1 Structure of the canes model. 
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5.1.2 Mathematical model 
5.1.2.1 Names of variables 
The following list gives a summary of the variables and functions used. The с index is 
used here to denote the four different states of caries. Since in the caries model only 
dentates are involved the index r can never have the value 3, indicating edentulous peo­
ple. This will not be explicitly mentioned in the equations for the caries model. One is 
reminded that in the caries model third molars are not included. 
CariesFlow[cl,c2] : The number of teeth flowing from caries category cl to 
caries category c2 due to caries or treatments (with the ex­
ception of full extractions). 
Cariog : The effective cariogenicity {i.e., the delayed instantaneous 
cariogenicity). 
CariogMoment : The value of the cariogenicity at a certain moment. 
CariogToDecay[ac,c] : A parameter which, in case of a given cariogenicity, indi­
cates the rate of tooth decay: c=l refers to the transition from 
sound to decayed and c=3 refers to the transition from re­
stored to decayed. 
CarState[ac,s,r,c] : The average number of teeth of people in the categories in­
dicated by ac, s and г falling under caries category с 
CarStatefc] : In the iteration of the difference equations the dependence of 
the state variables a, s and г is often implicit. In that case this 
variable is used to indicate the number of teeth in a caries 
category in the category concerned. 
DecidToPerm : The number of teeth leaving the four caries categories due to 
shedding, which is added to the number of shed teeth. This is 
also the number of sound permanent teeth added to the sys­
tem. 
DemoOther : The change in the number of teeth due to migration, mortali­
ty and births. 
FluorideEffectfaj] : The effect of the use of fluoride by means of the j method 
(j=l: fluoride tablets, j=2: fluoride applications, j=3: fluo­
ride-containing toothpaste). 
FluorideFactor[a,s,r] : The result of the use of fluoride. 
FluorideTablets(t,a,s,r) : The fraction of the population using fluoride tablets. 
FluorideToothPaste(t,a,s,r) : The fraction of the population using fluoride-containing 
toothpaste. 
HygieneFactor(a,s,r,InstrFrac) : The multiplier of the decay rate of teeth as a result of 
oral hygiene. 
LongFlAppl(t,ac) : The life span of a fluoride application. 
MaxFluorideEffect[a] : The maximum effect of fluoride use that can be reached. 
NrChildToPerm : The total number of children assumed to be shedding teeth. 
NrOfTeethfac] : The number of teeth someone in the ac age group can have 
(so 20 for One and TwoDecid, 24 for TwoPerm, 28 for 
Three and older). 
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01dCarFlow[a,s,r,st,c] : The flow of teeth passing from CarState[a,s,r,c] to 
CarState[a+l,st,r,c] due to ageing. (The index for the social 
category may also change, for when people pass from one 
age group to another their social category may change. In 
terms of the ac index, the transition from 1 to 2 concerns the 
transition from One to TwoDecid and the transition from 2 
to 3 that from TwoPerm to three. The transition from 
TwoDecid to TwoPerm - the shedding of teeth - is described 
by means of the shedding variable.) 
01dProfileCar[ls,r,c] : A profile indicating to what extent people entering the cate­
gory indicated by a, s and г due to ageing deviate from the 
average of that group. 
Regln : The number of teeth entering a caries category due to 
changes in dental attendance. 
RegOut : The number of teeth leaving a caries category due to changes 
in dental attendance. 
SheddingRatio : The relation between 20 (the total number of teeth in the de­
ciduous dentition) and the average number of deciduous 
teeth found in a child in the 6-12 age group. 
SpeedOfDecay[ac,s,c,r] : The rate of decay of teeth. 
SugarEffect(UseOfSugar) : The consequences of sugar consumption on the develop­
ment of caries. 
UseOfSugar(t,a,s,r) : Sugar consumption in kilograms per year. 
5.1.2.2 Construction of the difference equations 
For the notational conventions used in this chapter, one is referred to section 3.1.2.2. 
For the equations relating to the caries model an other convention is introduced. As the 
complete difference equation is too complex to write down in its entirety, the changes 
will be split up into several components. The following expression will be used: 
A(ac,s,r,c) =... 
This means that on an annual basis the changes discussed for the state variable indicat­
ed by ac, s, r, and с have the indicated magnitude. 
5.1.2.2.1 Modelling the shedding process 
The shedding process is only relevant for a number of age groups, namely: TwoDecid, 
TwoPerm and Three. A number of different components can be distinguished. Firstly, 
the number of children shedding teeth on a yearly basis has to be determined. This is 
not a fixed number and so it has to be estimated. It is crucial to choose these numbers in 
such a way that each child sheds exactly once. An obvious choice meeting this condi­
tion is the number of children leaving the second age group due to ageing. After all, if 
the age structure in this group is homogeneous, this is exactly the number of children in 
each year class. Of course, the age structure is not exactly homogeneous, which means 
that in one year the number of children shedding teeth will be overestimated and in an-
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other year it will be underestimated. But of course in this way each child is counted ex­
actly once, although this estimation is in a way 'delayed'. If the number of children 
shedding teeth (i.e., from 6 to approximately 12 years of age) declines, this estimation 
will only follow this decline after some delay. Another estimation which has exactly the 
same characteristics is the number of children leaving the first age group due to ageing. 
The only difference is that this estimation is 'advanced': this estimation precedes 
changes in the number of children shedding teeth. These estimates can be improved by 
taking a weighted average of the two estimates. In this way the average of both num­
bers will give an estimation of the number of children who are 9 years old and this will 
probably be an improvement. Therefore, the following formula for the number of chil­
dren shedding teeth was chosen for the model: 
a,x01d(l)+o,x01d(2) 
NrChildToPerm = — „ , „ 
Because in the definition of the conceptual model it was decided to look at a group of 
children who shed all their deciduous teeth at one time, this shedding will always in­
volve 20 deciduous teeth. The average number of deciduous teeth of a child in the sec­
ond age group is smaller than 20, because the 'average' child is of course somewhere in 
the shedding process and will already have shed a number of teeth. This means that not 
the average number of teeth per child in the shedding process is subtracted from a 
caries category, but this number multiplied by some factor. Because the distribution of 
the teeth to be shed is proportional among the caries categories, this factor will be the 
same for each caries category. The definition is simple: 
20 SheddingRatio = — 
y CarState[c] 
~{ PopByVisit[a,s,r] 
The expression used here: 
CarState[c] 
PopByVisit[a,s,r] 
or 
CarState[c] 
Pop[a] χ SocFr[a,s] xFracReg[a,s,r] 
will turn up more often. This division gives the average number of teeth of someone in 
the category indicated by a, s and r. The division is necessary, as the state variable has 
been defined as the total number of teeth in the caries category indicated by с of all 
people in the category indicated by a, s and r. 
The changes in the state variables of TwoDecid as a result of the shedding process 
can easily be determined. In formulating them it should be remembered that the 
NrChildToPerm refers to the entire second age group. This means that per category this 
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number should be multiplied by SocFr[a,s] χ FracReg[a,s,r]). Because in the determina­
tion of the average number of teeth this product is in the denominator (see the expres­
sion above) this yields: 
Δ = - NrChildToPerm χ C a r S t a t e [ c ]
 x
 SheddingRatio (TwoDecid.s.r, 1. .4) 
Pop[a] 
The number of teeth in the fifth category ('shed') is increased by 20 for each child that 
sheds his/her teeth; so: 
Δ = 20 x NrChildToPerm χ SocFr[2,s] χ FracReg[2,s,r] (TwoDecid,s,r,5) 
Of course, the shedding process also results in an increase in the number of sound teeth 
in TwoPerm. This increase is given by: 
Δ = 20 χ NrChildToPerm x SocFr[2,s] χ FracReg[2,s,r] (TwoPerm,s,r,l) 
Moreover, both when entering the second and the third age group, children get another 
four sound teeth. This will give: 
Δ= V 4xPopflowNumber(t,l,j,s) xFracReg[lj,r] (TwoPerm,s,r,l) 
j=l 
and 
Δ = 2^ 4 χ PopflowNumber(t,2,j,s) xFracReg[2,j,s] (Three,s,r,l) 
j=l 
Please remember that PopflowNumber(t,a,s,j) is the number of people in the category 
indicated by a and s, who due to ageing in the year following time t, enter the category 
indicated by a+1 and j . 
5.1.2.2.2 Modelling of changes due to processes on the population level 
It is clear that processes on the population level have consequences for the state vari­
ables of this submodel. If someone enters or leaves a certain category, he takes his den­
tition with him. As has already been said in the verbal description, it is assumed that the 
dentition of someone leaving a category is the same as the average dentition in that cat­
egory. The only exception concerns people leaving a category due to ageing. Because 
the age groups are relatively broad it is necessary to assume that people leaving such a 
group due to ageing have a dentition which will be somewhat worse than average. This 
has been incorporated in the model in the following way. For each category a profile 
can be defined which represents the deviation from the average dentition. Such a profile 
consists of 4 figures, each corresponding to a caries category. The number of teeth 
leaving (or entering) a category due to ageing is first multiplied by the number con­
cerned. Because this may result in a different total for the four caries categories, this to­
tal is calculated and corrected to give the total that would have been reached if the con­
sequences of ageing had been determined proportionally (with a profile of [1,1,1,1]). 
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For example: Take the case that 1000 people pass from the fifth to the sixth age group due to 
ageing. And suppose that the average dentition in the category concerned is as follows: 12 
sound teeth, 3 decayed teeth, 10 restored teeth and 3 missing teeth. Now use the profile: [0.9, 
1.2, 1.1, 1.1]. Initially this will yield the following outflow: 
sound teeth: 0.9 x 12 χ 1000= 10800 
decayed teeth: 1.2 χ 3 x 1000= 3600 
restored teeth: 1.1 χ 10 x 1000= 11000 
missing teeth: 1.1 x 3 x 1000= 3300 
total 28700 
However, because 1000 people take with them 28 χ 1000 = 28000 teeth, each number should be 
28000 
multiplied by — . 
In the Pascal implementation this construction is given the following form. First the correction 
term is calculated by means of the 'temp' variable: 
c=4 
temp= ^ 01dProfileCar[ac,s,r,c]xCarState[c] 
c=l 
The correction term factor is then calculated by: 
NrOfTeeth[ac] factor = 
temp 
Compared to the example this correction factor is missing the number of people in the 
numerator. However, this number is cancelled out by the same number that should be in 
the numerator of the following expression to convert the value of CarStatefc] into an 
average number per person. By means of this factor and the PopflowNumber variable 
the number of teeth flowing from the caries category given by a, s, r and с to the cate­
gory given by a+1, j , г, с due to ageing is given by: 
OIdCarFlow[a,s,r,j,c] = factor χ PopflowNumber(t,a,s,j) χ 01dProfileCar[a,s,r,c] χ 
CarState[c] (a=1..6) 
In the event that this calculation does take place proportionally, the values for OldCar-
Flow are given by: 
CarState[c] 
01dCarFlow[a,s,rj,c] = PopflowNumber(t,a,sj) xFracReg[a,s,r] χ 
SocPop[a,s] xFracReg[a,s,r] 
„ „ „ , . .. CarStateM , , .. 
= PopflowNumber(t,a,sj) χ — (a=1..6) 
SocPop[a,s] 
This equation does not give the transition from deciduous to permanent teeth (this has 
been dealt with in paragraph 5.1.2.2.1) Therefore, the transition from a=l to a=2 stands 
for the transition from One to TwoDecid, and the transition from a=2 to a=3 for the 
transition from TwoPerm to Three. The processing of the other events on a population 
level is easier to describe. 
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Migration and mortality: 
CarState[c] 
Δ = (Mig(t,a)-Deaths(t,a)) xSocFr[a,s] χ FracReg[a,s,r] χ 
Pop[a] xSocFr[a,s] xFracReg[a,s,r] 
= (Mig(t,a)-Deaths(t,a)) χ а Г (a,s,r,c) 
Pop[a] 
Births: 
Δ = Births(t) χ SocFr[a,s] χ FracReg[a,s,r] x 20 (a,s,r,c) 
Transition to (ir)regular dental attendance: 
The consequences of the transition to (ir)regular dental attendance follow directly from 
the values of the variables RegularPlus[a,s] and IrregularPlus[a,s] (see chapter 4 for the 
definition of these variables). Now it follows directly that: 
„ , r . , „ , - . , „ , „ . ™ г , CarState[a,s,2.c] 
Regln[a,s,l,c] = RegOut[a,s,2,c] = ReguIarPlus[a,s] χ (a,s,r,c) 
PopByVisit[a,s,2] 
^ т п « ,
 n
 ^ r . , r , „ . r - , CarState[a,s,l ,c] 
Regln[a,s,2,c] = RegOut[a,s, 1 ,c] = IrregularPlus[a,s] χ (a,s,r,c) 
PopByVisit[a,s,l] 
5.1.2.2.3 Modelling tooth decay 
The modelling of tooth decay is fairly simple and is closely linked to the verbal de­
scription. The formalization will, therefore, require little comment except for one im­
portant remark. Although the theoretical model of caries incidence, which serves as the 
basis of the 'modelling' of caries incidence in the conceptual model, is well established, 
the quantification of that model is, unfortunately, by no means uncontroversial. For this 
reason, the caries model has been provided with the option of excluding the relationship 
between the three forms of fluoride use and sugar consumption and the incidence of 
caries from the model and of treating the incidence of caries as an exogenous variable. 
This last options is implemented so the user of the model is free to translate possible 
changes in fluoride use, for instance, into altered incidence figures. 
Modelling cariogenic influences 
The determination of cariogenic influences is based on the sugar consumption in kilo­
grams per year. This sugar consumption is given by the time-function UseOf-
Sugar(t,a,s,r). The translation of this sugar consumption to a cariogenic influence is 
achieved by means of the function SugarEffect. In this respect it is assumed that the re­
sultant cariogenic influence for a given sugar consumption is always the same. So the 
function SugarEffect only depends on UseOfSugar. 
Modelling protective influences 
As has been said before in the verbal description of the model a distinction is made be­
tween two sorts of protective factors, namely fluoride use and oral hygiene. The use of 
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fluoride is split up into three forms of use. The use of fluoride tablets and fluoride-con­
taining toothpaste is given by the time-functions FluorideTablets(t,a,s,r) and Fluoride-
ToothPaste(t,a,s,r), repectively. Both functions indicate the fraction of the population in 
a category taking fluoride tablets or using fluoride toothpaste. The number of people 
who are protected by fluoride applications is determined in the treatment model. The 
FluorAppl(t,a,s,r) variable determined in that model is converted here into a fraction. 
Moreover the term LongFlAppl(t,ac) is introduced to be able to model the life span of 
fluoride applications: 
,„ LongFlApplft.ac) χ FluorAppl(t,a,s,r) 
ApplFrac = e ρ
 D ... .tr , (a,s,r) 
PopByVisit[a,s,r] 
The effect of these three forms of fluoride use is determined by the product of the frac­
tion using the form of fluoride use concerned and an effect parameter. The total effect is 
given by the sum of the three separate effects. However, this effect is limited by a 
maximum effect: 
FluorideFactor = minimum {(FluorideTablets(t,a,s,r) xFluorideEffect[a,l] 
+ ApplFrac χ FluorideEffect a,2] 
+ FluorideToothPaste(t,a,s,r) χ FluorideEffect[a,3]), 
MaxFluorideEffect} (a,s,r) 
The effect of oral hygiene depends strongly on the category of the population consid­
ered, as the level of oral hygiene varies from one population group to another. The 
fraction of people in a given category receiving an oral hygiene instruction does modify 
this basic effect. So to assess the effect of oral hygiene the number of people in a cate­
gory receiving oral hygiene instruction from a dentist or a dental hygiënist, needs to be 
determined. This is done in the treatment model. This number is converted into a frac-
tion. Summarizing: 
InstrFrac = Hyg I n S t r ( t-a 'S ' f ) ( W ) 
PopByVisit[a,s,r] 
The final result of a certain level of oral hygiene is given by the HygieneFactor func-
tion. 
Synthesis 
On the basis of the protective and cariogenic factors, a current cariogenicity is deter-
mined. This is done as follows: 
CariogMoment = SugarEffect χ FluorideFactor χ HygieneFactor(a,s>r,InstrFrac) (ac,s,r) 
As tooth decay is a relatively slow process and is also determined by past diet and oral 
hygiene, etc., the final cariogenicity is determined by a first-order delay of the current 
cariogenicity. This delay works as follows. The cariogenicity for a certain fraction is 
determined by the cariogenicity in the past and for the rest by a current cariogenicity. 
This leads to the following equation: 
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Cariog(t) = α χ Cariog(t-1 ) + ( 1 - α) χ CariogMoment (ac.s.r) 
In this equation α is a parameter with a value between zero and one. 
In order to convert the cariogenicity into the tooth decay rate, the cariogenicity is 
multiplied by the CariogToDecay parameter. This is the decay rate at the reference 
level of cariogenic and protective factors. This parameter depends on с to provide the 
option of different decay rates for sound and restored teeth. 
SpeedOfDecay[ac,s,r,c] = CariogToDecay[ac,c] χ Cariog (c=l,3) 
The final element of the modelling of tooth decay is the conversion of the decay rate 
into the number of decayed teeth. This is done by multiplying the number of teeth at 
risk by the corresponding decay rate. 
CariesFlow[l,2] = SpeedOfDecay[ac,s,r,l] χ CarState[ac,s,r,l] (ac,s,r) 
CariesFlow[3,2] = SpeedOfDecay[ac,s,r,3] χ CarState[ac,s,r,3] (ac,s,r) 
5.1.2.2.4 Modelling of treatments 
A number of treatments influence the state variables of the caries model. These are: 
• full extraction 
• single extraction 
• amalgam and composite restorations 
• amalgam and composite re-restorations 
• cast restorations 
The treatment model generates information about the number of times these treatments 
are carried out. Within the caries model, the consequences of these treatments for the 
state variables still have to be modelled. With respect to each of the treatments the re­
curring question is: how are the treatments distributed among the four possible caries 
categories? If this is known, the further modelling is easy. If, for instance, 100 000 teeth 
are being restored, 80 000 of which are decayed, the value of the CariesFlow[2,3] vari­
able is increased by 80 000. In section 5.1.3.3 it will be described how these distribu­
tions are calculated. 
5.1.3 Validation 
5.1.3.1 Initial values and incidences 
Basically, the validation of the caries model requires no information on the develop­
ment of the oral status of the Dutch population over a longer time period. The model 
needs data on the initial year - for example, 1980 - and can then simulate the values for 
the following years. However, the parameters needed for this are not all known. To 
solve this problem it was tried, therefore, to obtain an accurate and complete overview 
of the oral status of the Dutch population for two years, namely 1980 and 1986. On the 
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basis of this extra information estimates can be made about the incidence of caries. To 
be more precise, the following 'assignment' was given: Construct full sets of caries data 
for 1980 and 1986, a full set meaning: the DFM-T components for a population in the 
0-5, 6-12 (both deciduous and permanent teeth), 13-18, 19-29, 30-44, 45-64 and 65+ 
age categories, each age group being subdivided according to attendance pattern and in-
surance form. 
Adults 
Short survey of the data 
The only data available are from the LEOT survey (Truin et al., 1987, Kalsbeek et al., 
1991, van 't Hof et al., 1991), Den Bosch (van Rossum and Kalsbeek, 1985), Truin and 
Koel (1978), Schaub (1980) and the TJZ survey (Kalsbeek et al., 1989, 1992). 
• LEOT survey: The data are good, there is probably some non-representativeness, the 
magnitude of which is unknown. The data are easily accessible and suitable for all 
sorts of secondary analyses. 
• Den Bosch: age range from 30-54, no indication of insurance or attendance status in 
the presentation of age-specific data. The representativeness can probably be com-
pared to that of the LEOT survey. 
• Truin and Koel: very selective (employed people only, no attendance status, age 
range is quite good). 
• Schaub: concerns conscripts, so a small age group only, no indication concerning in-
surance or dental attendance patterns. 
• TJZ: this survey only included people covered by National Health Insurance (ages: 
5, 11, 17 and 23). The representativity in this survey is probably not perfect. 
Method followed 
1986 
For 1986 practically all information from the LEOT survey can be used. Of course, this 
survey is not perfect, but it is of a relatively high quality. One adaptation is necessary. 
The results of the most advanced group, 65-74, cannot be used directly for the most ad-
vanced age group of the model, namely 65+. The estimation for the most advanced age 
group of the model has been made by extrapolating the data of the most advanced age 
groups in the LEOT survey. 
1980 
Step 1 An estimation of age-specific DMF-T components, without making a distinc-
tion with respect to dental attendance patterns or insurance. The estimation is 
based on Truin and Koel (1978), Den Bosch (van Rossum and Kalsbeek, 1985) 
and Schaub (1980). The estimations have not been made by formal methods 
but by making a more or less visual appraisal of the figures. The estimated de-
86 
The pathology model 
gree of inaccuracy is 20%. 
Step 2 Determination of the values of the DMF-T components, splitting the data up 
with respect to dental attendance patterns and insurance forms. The LEOT sur­
vey was the main source of data. For each age group the relationship between, 
for instance, the D number for the entire age group and the D number for the 
group of people covered by National Health Insurance in that age group has 
been studied. Given the undifferentiated DMF-T components for 1980, an es­
timate can be made of the value of the D number subdivided according to in­
surance status. A subdivision with respect to dental attendance can be made in 
an analogous way. In this respect, a crucial assumption is that the relationship 
between, for instance, the DMF-T components of people covered by National 
Health Insurance within an age group and the DMF-T components for the aver­
age of that age group remains more or less the same. 
For example: Assume that in 1986 the F number for a certain age group is 10, with a value of 
11 for people covered by National Health Insurance and 8 for the others. Now assume that in 
1980 the F number for the entire group was 12. On the basis of this it is estimated that the F 
number for people covered by National Health Insurance is 13.2 (namely +10%, just as in 
1986). 
The question remains whether this assumption is valid. However, the assump­
tion cannot be properly tested, as this requires specific data on dental atten­
dance and insurance status in 1980 and these very data are unavailable. 
Young people 
With respect to young people more information is available, although the material is 
rather fragmentary. Information with respect to either dental attendance patterns and/or 
insurance status is nearly always missing. Data are also scarce for children under 5 or 
over 15. The major sets of data used are the series of numbers concerning schoolchil­
dren in The Hague (Truin et al., 1981, 1986, 1991), the Friesland surveys (Frencken et 
al., 1990; Kalsbeek and van Loveren, 1988; Westmaas-Jes and Kalsbeek, 1985), the 
Tiel-Culemborg study (Kalsbeek, 1992), data and secondary analyses of the study into 
the effects of dental health education (de Vries, 1990) and again the 1987 and 1990 TJZ 
studies (Kalsbeek et al., 1989,1992). 
Method followed 
1980 
0-5 Data were taken from the The Hague surveys (children aged 5-6), the Tiel-
Culemborg study (children aged 4.5-5 and 5.5-6) and the Friesland surveys in 
Smallingerland and Heerenveen (6-year-olds). Moreover, the following as­
sumption was made: if 5-year-old children have a dmf-t score equal to x, the 
score for 4-year-olds will be 2/3 χ and for 3-year-olds 1/3 x. Finally, the assump-
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tion is made that the caries experience of 2-year-olds and younger children is 
negligible on a population level. On the basis of this assumption it is sufficient 
to estimate the dmf-t components of 5-year-olds, the rest can be simply calcu-
lated. Comparable to the situation concerning the data on adults in 1980, the 
dmf-t number of 5-year-olds for 1980 and 1986 has been estimated without us-
ing a formal procedure. This number has been subdivided into components us-
ing the mutual relationships between the components as observed in the The 
Hague survey of 1978 (for the 1980 values) or 1984 (for the 1986 values). 
These surveys have also been used to estimate the dmf-t components if a dis-
tinction is made with respect to insurance status. Finally, the results must still 
be calculated if a distinction is to be made with respect to dental attendance pat-
terns as well. No information was available of any help in this respect, so a 
number of percentages in a more or less arbitrary way were chosen - separately 
for people covered by National Health Insurance and others - that indicate how 
much the dmf-t components of irregular dental attendere deviate from the aver-
age of the group. On the basis of this the dmf-t components split up into dental 
attendance patterns can be calculated. 
6-12 Surveys from The Hague (1978 and 1984) supply information on the deciduous 
and permanent teeth of this group as well as the various ages within this group. 
Therefore the estimation for the 1980 values is mainly based on these two 
studies (by means of a weighted average). The insurance status of the children 
examined in the surveys is known, however, there is no division on the basis of 
dental attendance patterns. For this group, too, the results for a subdivision on 
the basis of dental attendance patterns, must be calculated. This was done using 
the same method employed for children aged 0-5. 
13-18 For this age group the data available were sparse. The basic approach for esti-
mating the numbers needed, was to compare figures available for the 15-year-
olds in 1980 and in 1986 (from the Tiel-Culemborg study and the LEOT survey 
respectively). By assuming that the same development took place for the entire 
age group, an estimation was obtained for the average DMF-T components for 
this age group in 1980. The same procedure as described in step 2 regarding the 
estimates for adults for 1980, was used to derive from the LEOT data estimates 
for the DMF-T components for each of the four categories in 13-18 age group 
specifically. 
1986 
0-5 The methods used have already been described for 1980. 
6-72 For 1986 a similar construction was followed as for 1980, now mainly based on 
the The Hague studies of 1984 and 1990. 
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13-18 First the set of numbers for 1986 was collected. For the ages 15 through 18 the 
results of the LEOT survey (Frankenmolen, 1990) were available. On the basis 
of the numbers from the Tiel-Culemborg study (Kalsbeek et al., 1992), the 
Zendium survey (Groeneveld et al., 1984), the TJZ survey (Kalsbeek et al., 
1989, 1992) and the survey in Amersfoort (Houwink et al., 1985) the DMF-T 
components for children aged 13-14 in that year were estimated. First, the 
DMF-T numbers were determined and averaged out over the 6 ages without 
making a distinction according to dental attendance patterns and insurance sta-
tus. On the basis of the LEOT data, it was then estimated what the results 
would be if a division with respect to dental attendance patterns and insurance 
status is made. (This was done by a method analogous to that described for 
adults, 1980. It should be pointed out that the error is much smaller here, be-
cause with respect to four of the six ages data are available according to the re-
quired subdivision.) 
Using the caries model it has been investigated which caries incidences for the various 
groups of the population lead to an optimal result in 1986 starting from the 1980 data 
obtained as sketched above. Initially, only developments in the number of sound teeth 
were considered (or the DMF-T number, which amounts to the same thing). 
As the literature {e.g., Kalsbeek, 1989, 1992) shows that the assumption of a con-
stant incidence is by no means tenable as the time period is extended, the estimates 
were subsequently adapted so that the incidences declined slowly. 
Besides estimating the incidence of sound teeth the incidence of restored teeth must 
be estimated as well (secondary incidence). This estimation is much more difficult be-
cause of the intervention of the dentist in this process. After all, some of the restored 
teeth that become decayed will (soon) be restored again. If a population is followed 
over a longer period, the secondary incidence cannot be deduced from the oral status at 
two different times. As data on the numbers of restorations have been collected for the 
treatment model, this problem can, however, partly be solved. (The problem cannot be 
fully solved, as the treatment statistics do not make clear how many restorations con-
cern decayed teeth.) On the basis of the treatment data and the incidences for sound el-
ements finally estimates were made for the secondary incidences. 
5.1.3.2 Ageing profile 
In section 5.1.2 it was stated that the model has an ageing profile indicating the extent 
to which the oral status of people leaving a category due to ageing deviates from the 
average of that category. The validation of this variable is simple if data are available in 
which the age groups are defined at yearly time intervals. As far as adults are con-
cerned, the LEOT survey supplies these data for 1986. With respect to young people 
data from the The Hague surveys (1978 and 1984); LEOT survey (Frankenmolen, 
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1991); the Tiel-Culemborg study (Kalsbeek et al., 1992); the Zendium survey (Groene-
veld et al, 1984); the TJZ survey (Kalsbeek et al., 1989, 1992) and the survey in 
Amersfoort (Houwink et al., 1985) were used, as was the case in the calculation of the 
control numbers. Based on these data it is possible to calculate the values for the Old-
ProfileCar variable. In principle, these values only apply to 1986. As the way in which 
OldProfileCar is used is based on relationships (for instance, people aged 44 have 20% 
more missing elements than the average person in the 30-44 category), it was decided 
to use these values for the entire simulation period. 
5.1.3.3 Validation of the influence of treatments 
In section 5.1.2 it was mentioned that treatments influence the state variables of this 
submodel. In the validation it will be established how the treatments concerned are to 
be 'divided' over the required state variables. In the following sections the treatments 
will be discussed successively. Since teeth with a sealant are not considered to be re-
stored, the treatment 'Sealant' does not alter the state variables of the caries model. 
Full extraction 
If someone looses his teeth due to full extraction, this will generally mean that a mix-
ture of sound, restored, decayed and missing teeth disappears from the system. (Missing 
teeth also disappear as these are only recorded for dentate people and not for edentulous 
people.) Data from Bouma's doctoral thesis (1987) were used to asses the oral status of 
people at the moment they become edentulous. 
Single extraction 
Extractions can apply to three types of teeth: sound teeth (mainly for orthodontic rea-
sons), decayed teeth and restored teeth. In the distribution of extractions among these 
three options, extractions of sound teeth are singled out first. Then the fraction of the 
remaining extractions relating to decayed teeth is calculated (which, of course, also de-
termines the number of extractions of restored teeth). The estimation of the number of 
extracted sound teeth is based on the number of teeth missing among young adults for 
orthodontic reasons. Starting from this assumption, it has been calculated that for each 
child in the 6-12 and 13-18 age groups (with the exception of the irregular dental atten-
dere covered by National Health Insurance) 0.0525 teeth are extracted each year. (A 
child remains in these age groups for 13 years, resulting in a total of 0.6825 sound teeth 
being extracted in that period.) This leaves the subdivision for decayed and restored 
teeth for the remaining extractions. No reliable data on this subdivision were found. 
Therefore, the following simplified formula was used, based on a considerable overrep-
resentation of decayed teeth. In this formula FracDecayed is the fraction of extracted 
teeth being decayed. 
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^ τ-, . . , . , # dec. teeth present 
FracDecayed = 0.5 + 0.5 χ # й ^ З Л е Ж ^ е 1 е 1 й Т # 1 е ^ е Ж р 7 е ^ Г 
This means that if in a category 30% of the decayed and restored teeth are decayed, the 
extractions (after deducting the extraction of sound teeth) will concern decayed teeth in 
65% of the cases (= 50% + 0.5 χ 30%). 
Amalgam and composite restorations 
As the model makes a distinction between primary and secondary restorations, an 
amalgam or composite restoration will always concern a decayed tooth. 
Amalgam and composite re-restorations 
The amalgam and composite re-restoration treatment concerns by definition a tooth that 
has already been restored, so that the subdivision is trivial in this instance as well. 
Cast restoration 
With respect to cast restorations the situation is comparable to that for solitary extrac­
tions. In principle, cast restorations can be carried out on decayed and restored teeth. 
No reliable data on this subdivision were found. Therefore, the fraction of the cast 
restorations carried out on decayed teeth will be described by a simple relation, express­
ing the fact that decayed tooth are likely to be underrepresented in the group of tooth 
being restored with a cast restoration. In this formula FracDecayed is the fraction of 
cast restorations on decayed teeth. 
. _
η ς
 # dec, teeth present 
hracDecayed - 0.5 χ
 # d e c ( e e t h p r e s e n t + # r e s t t e e t h p r e s e n t 
This formula means that if, for instance, 30% of the decayed and restored teeth are de­
cayed, 15% of the cast restorations will concern decayed teeth. 
5.2 Periodontal model 
5.2.1 Conceptual model 
The periodontal model comprises the development of a number of periodontal disor­
ders. In contrast to what has been discussed in the caries model, these disorders are de­
scribed at the level of the mouth. Although many periodontal disorders can be located 
at certain places in the mouth, this submodel does not distinguish between people who, 
for instance, have one pocket and people who have more than one. In order to avoid ex­
cessive detail, people will simply be classified as exhibiting or not exhibiting given 
phenomena. 
In this model, of course, the same population categories as those described in the at­
tendance model will be used. For each category of dentate people four state variables 
will be defined. These relate to three processes which can take place in any dentate per-
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son. Firstly, the development of gingivitis, secondly, the development of pockets (as-
suming that pockets only develop in people with gingivitis) and thirdly, the develop-
ment of calculus. The state variables are: 
• the number of people without gingivitis or pockets in a category 
• the number of people with gingivitis (and possibly shallow pockets) but no deep 
pockets (with a probing depth of over 5.5 mm) 
• the number of pockets deeper than 5.5 mm per person in a category 
• the number of people with calculus in a category 
These state variables will be called periodontal states. The number of people with deep 
pockets is not presented as a state variable, as it can be deduced directly from the first 
two states, being equal to the entire population in that category minus the number of 
people in periodontal states one and two. The third state variable indicates the average 
number of deep pockets in that category; the number refers to the entire category. How-
ever, the number depends to some extent on the percentage of people with deep pock-
ets. The number of pockets in a category should always be larger than or equal to the 
fraction of the population with pockets (as they have at least one pocket). The fourth 
periodontal state -indicating the number of people with calculus - does divide the popu-
lation into two categories. The number of people without calculus being the comple-
ment of the fourth periodontal state. 
The choice of state variables is judgmental. So it is not possible to 'proof that the 
choices made are the best possible. Nevertheless some remarks can be made which may 
give some support to the choices made. 
• The division of the first two state variables and the number of people with deep 
pockets derived from these variables, is based on the following line of thought. The 
development of pockets is a step by step process which always takes place in the 
same order. People with sound gums run the risk of getting gingivitis. A number of 
people with gingivitis may develop pockets. In other words: the development of 
pockets is always preceded by a phase in which the person concerned has gingivitis 
and anyone who has pockets also has gingivitis. People already in the group with 
pockets may develop new pockets; this does not affect the size of the group but it 
does affect the average number of pockets in a category. 
• As has been said in the introduction, all the state variables refer to the mouth as a 
whole. Given the fact that periodontal disorders are not distributed equally in the 
mouth and also, for instance, the WHO guidelines for the notation of the CPITN 
scores, the question arises whether the mouth should not be divided into, for in-
stance, sextants. Within the context of a simulation model at the population level, 
however, this is not an obvious choice. A certain socio-economic category, coupled 
with a certain age and a certain dental attendance pattern, should be considered the 
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smallest unit of the model. This means that statements regarding oral status can only 
be made on the level of the average of such a group. Consequently, even a division 
of the state variables for the six sextants will not enable one to make statements such 
as: "50% of the population in a certain category has at least four sound sextants". 
The only benefit is that the distribution of periodontal disorders among the sextants 
can be represented by the model. However, this is only meaningful if it were realis-
tic to assume that this distribution is subject to change, for otherwise a fixed distri-
bution pattern could be used. However, the price to be paid is very high. In the 
population structure as described in the attendance model -with two insurance cate-
gories per age group, two dental attendance categories (excluding edentulous peo-
ple) and four periodontal categories - the number of state variables for this submodel 
would increase from 7x2x2x4 (=112) to 7 x 2 x 2 x 3 x 6 (=672). It is obvious that 
such an enormous increase in the size of the model would not be compensated for 
by the extra possibilities that it would accrue. 
• The requirement of a manageable model is the reason why no additional periodontal 
disorders have been included. For each extra disorder, the number of state variables 
per category will increase by one if it is recorded independently. If, however, com-
binations of disorders are examined -which is an obvious choice- each disorder in-
cluded in the model will almost double the number of state variables. This consider-
ation commands some restraint in the inclusion of extra state variables and therefore 
only the most prevalent periodontal diseases were included in this model. 
5.2.1.1 Dynamics of the periodontal model 
The behaviour of the model and the factors influencing this behaviour can be traced 
back to three different fields. Firstly, the changes caused by developments at the level 
of the population: demographic processes and the transition from regular dental atten-
dance to irregular dental attendance or vice versa. Secondly, the complex of factors de-
scribing the pathology of the three different processes. Finally, the changes that take 
place as a result of dental treatment. These three different fields will be discussed suc-
cessively. 
5.2.1.1.1 Changes at the population level 
In this submodel the changes at the population level are processed in the same way as in 
the caries model. This means that people leaving a certain category are generally as-
sumed to have the average characteristics of that category. Again, an exception is made 
for people leaving a category due to ageing. An ageing profile is used to indicate for 
each age group the extent to which people leaving a category due to ageing have a 
worse periodontal condition than the average condition in that category. 
People entering a category due to migration are divided among the state variables in 
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the same way as the people in the category they have entered. Finally, new-born chil-
dren are considered not to have gingivitis or calculus. 
5.2.1.1.2 Modelling the development of gingivitis and pockets 
The fact that the model describes the development of diseases at the level of the popula-
tion, plays an important role in considering which of the processes influencing the de-
velopment of the state variables should be included in the model. For an individual, for 
example, the use of certain medicaments may be the direct cause of periodontal com-
plaints. On the population level the use of medicaments will only be a relevant factor if 
the usage is widespread within the population and if there are reasons to assume that 
this usage will be subject to significant changes. 
The development of gingivitis and the development of pockets are of course two dif-
ferent, though related, processes. Oral hygiene is a very influential factor in the course 
of both processes. However, there are differences. A major difference is the fact that 
gingivitis can heal spontaneously, whereas this is impossible for pockets. So, whenever 
the rate at which people in a certain category get gingivitis is mentioned, this rate 
should be seen as the difference between the people getting gingivitis and the people 
recovering from it. This means that this rate could in principle be negative. The follow-
ing factors determine this rate: 
• a basic rate which may differ per category 
• a factor dependent on the brushing frequency in a category 
• a factor dependent on the fraction of the population in a category receiving oral hy-
giene instruction 
• a factor dependent on the fraction of the population in this category having calculus 
Now the rate is the fraction of the population changing from 'without gingivitis' to 
'with gingivitis' (or vice versa) in one year. A similar structure applies to the rate at 
which people change from a state with gingivitis (and possibly shallow pockets) to a 
state with one or more deep pockets. Here, the following factors are to be distinguished: 
• a basic rate which may differ per category 
• a factor dependent on the brushing frequency in a category 
• a factor dependent on the fraction of the population in a category receiving oral hy-
giene instruction 
• a factor dependent on the fraction of the population in a category undergoing a 
complex periodontal treatment (scaling/root-planing) 
• a factor dependent on the fraction of the population in this category having calculus 
Most factors also play a role in the development of gingivitis. Of course, the quantifica-
tion of these factors will be different in both cases. These factors also influence the 
probability of an additional pocket for people having already one or more pockets; here, 
the quantification may differ too. It is important to note that the modelling is carried out 
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in such a way that under the same circumstances - that is to say the same brushing fre-
quency, the same fraction of the population receiving an oral hygiene instruction and 
the same fraction of the population with calculus - the rate of the processes within one 
category remains the same. 
5.2.1.1.3 Modelling the development of calculus 
For modelling the development of calculus, it has to be realized that the time-scale for 
the development of calculus can be well below 1 year. This implies that people whose 
calculus is removed in a certain year, may develop calculus again very soon, so that at 
the end of the year they will not be recorded as people without calculus. To enable the 
model to describe this properly, an artificial time step of less then 1 year has to be in-
troduced. Therefore, it is decided to define the rate at which people get calculus as the 
fraction of the population changing from a state without calculus to a state with calculus 
in 0.1 years. This has the advantage that between two different years the model will not 
show excessive differences in calculus prevalence, caused by recording people whose 
calculus has been removed as 'free of calculus' at the end of one year, and the year after 
as 'with calculus' because they have got calculus again in the following year. The fol-
lowing factors influence this rate: 
• a basic rate which may differ per category 
• a factor dependent on the brushing frequency in a category 
• a factor dependent on the fraction of the population in a category receiving oral hy-
giene instruction. 
Here, too, it means that under identical circumstances within a category the rate at 
which people develop calculus remains the same. 
5.2.1.1.4 Modelling treatments 
The treatment model distinguishes the following treatments important for this sub-
model: 
• full extraction 
• single extraction 
• complex periodontal treatment (including scaling and root-planing and periodontal 
surgery) 
• the removal of calculus 
• oral hygiene instruction 
The modelling of the consequences of a full extraction is based on a function which 
gives the distribution of those becoming edentulous over the various periodontal states. 
The modelling of the consequences of an extraction is as follows: a variable is de-
fined indicating how often the extraction concerns people having their last pocket re-
moved. The same argument applies to periodontal surgery (a fraction of the complex 
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periodontal treatments). Only some of the people undergoing this treatment, will as a 
result be included in the 'without pockets' category. 
The incorporation of the removal of calculus in this submodel is somewhat different 
from the modelling of the other treatments. Many individuals develop new calculus 
immediately after the removal of calculus. However, this probability is smaller for them 
than for people who were free of calculus at the beginning of the year, because the 
probability does not apply to them for the entire year but only for a shorter period. This 
implies that the fraction of people actually being transferred from 'with calculus' to 
'without calculus' due to calculus removal depends on the frequency of calculus re­
movals per year. 
The 'oral hygiene instruction' treatment plays only an indirect role. The fraction of 
the population, receiving oral hygiene instruction in a certain year, is a parameter for 
the pathological processes incorporated in this submodel. 
5.2.2 Mathematical model 
5.2.2.1 Names of variables 
The following list gives an outline of the variables and functions introduced in the peri­
odontal model. Because this submodel does not distinguish between deciduous and 
permanent dentition, 'a' is always used as the index for the age group of variables in­
cluded in this submodel only. Other variables or functions that are used in the periodon­
tal model as well as in other models, for instance referring to treatments, do use the 
more general 'ac' index, to make it possible to treat deciduous and permanent teeth 
differently. All variables and functions mentioned below are dependent on a, s and r 
and time; therefore, these indices are omitted for the sake of convenience except in 
those cases where this might lead to confusion. Finally, the ρ index is used here to indi­
cate the various periodontal conditions. As in the caries model, in the periodontal model 
only dentates are involved, so the index r can never have the value 3, indicating edentu­
lous people. This will not be explicitly mentioned in the equations for the periodontal 
model. 
BrushFreqCalc(BrushFreq) : The effect of the brushing frequency on the rate at 
which people get calculus. 
BrushFreqGing(BrushFreq) : The effect of the brushing frequency on the rate at 
which people get gingivitis. 
BrushFreqPock(BrushFreq) : The effect of the brushing frequency on the rate at 
which people get deep pockets. 
BrushFreq[a,s,r] : The brushing frequency within a certain category. 
CalcGing(FracCalc) : The relation between the fraction of the population in a 
category having calculus and the rate at which people in 
this category get gingivitis. 
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CalcPock(FracCalc) 
DemoOther 
EdentOut 
EffectPerioTr(PerioTr) 
FirstPockSpeed 
FracExtrPock 
FracPerioSu 
FracSoloPockExtr 
FracSoloPockPerioSu 
HyglnstrCalc(InstrFrac) 
HyglnstrGing(InstrFrac) 
HyglnstrPock(InstrFrac) 
InstrFrac 
MorePockSpeed 
NewCalculusSpeed 
NewGingSpeed 
01dPerioFlow[a,s,r,st,p] 
01dProfilePerio[a,s,r,p] 
PerioExtracState(t,a,s,r,p) 
PerioFlow[p,in] 
: The relation between the fraction of the population in a 
category having calculus and the rate at which people in 
this category get pockets. 
: The changes in the number of people in a periodontal 
category as a result of migration, mortality and births. 
: The number of people leaving a periodontal category 
due to the fact that people become edentulous. 
: The effect of periodontal surgery on the rate at which 
people get deep pockets. 
: The rate at which people having gingivitis and/or shal­
low pockets get deep pockets. 
: The fraction of the total number of extractions in which 
a tooth with a pocket is extracted. 
: The fraction of periodontal surgery treatments in the to­
tal package of complex periodontal treatments. 
: The fraction of the population having only one pocket at 
the time a pocket was removed by extraction. 
: The fraction of the population having only one pocket at 
the time a pocket was removed by periodontal surgery. 
: The effect of oral hygiene instruction on the rate at 
which people get calculus. 
: The effect of oral hygiene instruction on the rate at 
which people get gingivitis. 
: The effect of oral hygiene instruction on the rate at 
which people get deep pockets. 
: The fraction of the population in a category receiving 
oral hygiene instruction. 
: The rate at which people having already one or more 
pockets get another pocket. 
: The rate at which people get calculus. 
: The rate at which people get gingivitis. 
: The number of people going from the category indicated 
by a, s, г and ρ to the a+1, st, г, ρ category due to ageing. 
: A profile indicating to what extent people leaving the 
category indicated by a, s and г due to ageing deviate 
from the average of that group. 
: The fraction of the population who at the moment they 
become edentulous belong to periodontal state p. For 
p=3 this function states the average number of deep 
pockets found in people becoming edentulous. 
: The number of people (with p=3 number of deep pock­
ets) entering a periodontal category due to treatments or 
the development of periodontal disorders. 
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PerioFlow[p,out] 
PerioSpeed[k] 
PerioState[a,s,r,p] 
Regln 
RegOut 
TreatmentsDone[pr,ac,s,r,tr] 
The number of people (with p=3 number of deep pock­
ets) leaving the state ρ category due to treatments (with 
the exclusion of full extraction) or the development of 
periodontal disorders. 
The basic rate at which periodontal diseases develop. 
The index к is used to indicate which incidence out of 
the four incidences the periodontal model distinguishes, 
is referred to. (k=l: incidence of gingivitis, k=2: inci­
dence of a first deep pocket, k=3: incidence of another 
deep pocket, k=4: incidence of calculus). 
The fraction of the population in the category indicated 
by a, s and r belonging to the state indicated by p. For 
p=3 this is the average number of pockets in a category. 
The number of people (or pockets) entering a periodon­
tal category due to changes in dental attendance pat­
terns. 
The number of people (or pockets) leaving a periodontal 
category due to changes in dental attendance patterns. 
The number of treatments of the type indicated by the tr 
index, executed on the ac category (ac is used, because, 
in principle, treatments may differ for deciduous and 
permanent teeth), by the professional group indicated as 
pr. For the sake of clarity the values for the pr index are 
indicated by obvious names. For example, the Extract 
index stands for 'extraction'. The pr index has the val­
ues 'dentist', 'oralhyg' and 'total'. 
5.2.2.2 Construction of the difference equations 
5.2.2.2.1 Modelling processes on the population level 
In section 5.1.2 dealing with the caries model it has been described extensively how the 
demographic processes which are important for the caries model were formally pro­
cessed. For the periodontal model the situation is completely analogous and therefore 
these processes will not be described in detail at this point. The variable containing the 
results of the demographic processes is OldPerioFlow. 
5.2.2.2.2 Modelling the development of gingivitis and pockets 
The modelling of the development of gingivitis and the development of pockets both 
focus on calculating the rate at which these processes occur. First the rate at which gin­
givitis develops is calculated. As was said in the description of the conceptual model, 
this rate depends on a basic rate, a factor dependent on the brushing frequency, a factor 
dependent on the oral hygiene instructions received and a factor dependent on the frac-
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tion of the population in a category having calculus. It is assumed that this can be ex­
pressed as a formula m the following way: 
NewGingSpeed = PenoSpeed[l] χ CalcGing(PenoState[a,s,r,4]) + BrushFreqGing(BrushFreq) + 
HyglnstiGing(InstrFrac) (a,s,r) 
In this formula NewGingSpeed can be positive as well as negative, CalcGing is one if 
the fraction of the population with calculus is equal to this fraction in the reference 
year. BrushFreqGing and HyglnstrGing are zero if the brushing frequency or the in­
struction fraction, respectively, are equal to the values of the brushing frequency or the 
instruction fraction, respectively, in the reference year. These two factors can be posi­
tive as well as negative. For the flows of numbers of people it can be stated that, if 
NewGingSpeed >0 then: 
PenoFlow[l,out] = PenoFlow[2,in] = NewGingSpeed xPenoState[l] (a,s,r) 
If NewGingSpeed < 0 then: 
PenoFlow[2,out] = PenoFlow[ 1 ,in] = -NewGingSpeed χ PenoState[2] (a,s,r) 
For the development of pockets FirstPockSpeed cannot be negative, because pockets do 
not heal spontaneously. This rate is assumed to be equal to: 
FirstPockSpeed = PenoSpeed[2] χ CalcGing(PenoState[a,s,r,4]) χ 
BrushFreqPock(BrushFreq) χ HyglnstrPock(InstrFrac) χ 
EffectPenoTr(TreatmentsDone[pr,ac,s,r,PenoTr]) (a,s,r) 
The factors multiplied by the basic rate are equal to one if they have the same values as 
in the reference year. Expressed in the numbers of people this results in: 
PenoFlow[2,out] ·= PenoFlow[2,out] + FirstPockSpeed χ PenoState[2] (a,s,r) 
And in the numbers of pockets: 
PenoFlow[3,in] = FirstPockSpeed χ PenoState[2] (a,s,r) 
The number of pockets can also increase as people with pockets get more pockets. This 
was modelled as follows: 
MorePockSpeed = PenoSpeed[3] x CalcGmg(PenoState[a,s,r,4]) χ 
BrushFreqPock(BrushFreq) x HyglnstrPock(InstrFrac) χ 
EffectPenoTr(TreatmentsDone[pr,ac,s,r,PenoTr]) (a,s,r) 
The flow of pockets is then: 
PenoFlow[3,ui] = PenoFlow[3,in] + MorePockSpeed χ 
(PopByVisit[a,s,r]-PenoState[2]-PerioState[3]) (a,s,r) 
5.2.2.23 Modelling the development of calculus 
Unlike the previous periodontal rates the NewCalculusSpeed rate has not been defined 
as a rate for a whole year but for a shorter period. (See paragraph 5.2.1.1.3 for the 
background of this approach.) The way in which this rate for a shorter period is calcu-
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lated is, however, identical to the rates for the development of gingivitis or pockets. The 
rate at which calculus develops (in 0.1 years) is then: 
NewCalculusSpeed = PerioSpeed[2] xBrushFreqCalc(BrushFreq) χ HyglnstiCalc(InstrFrac) (a,s,r) 
The probability of getting calculus in, for example, 0.5 years is then: 
1-(1 -NewCalculusSpeed)5 (a,s,r) 
If PerioFlo,w[4,out] is the number of people whose calculus has been removed, with 
calculus being removed in the same person once a year, the number of people getting 
calculus in one year is: 
PerioFlow[4,in] = (1-(1-NewCalculusSpeed)10) χ (PopByVisit-PerioState[4]) + 
(1-(1-NewCalculusSpeed)5) χ PerioFlow[4,out] (a,s,r) 
5.2.2.2.4 Modelling treatments 
The following treatments are relevant for this submodel: oral hygiene instruction, the 
removal of calculus, single extraction, periodontal surgery and full extraction. The 'oral 
hygiene instruction' treatment only plays a role in the process described above and has 
no direct influence on the state variables within this submodel. The formal processing 
of these treatments is now presented in succession. 
With respect to the removal of calculus the situation is as follows: it is assumed that 
anyone whose calculus is removed is free of calculus (which does not exclude the pos­
sibility that they will develop calculus later that year). This means that the number of 
people becoming free of calculus as a result of a 'calculus removal' treatment is equal 
to the total number of people in a category whose calculus has been removed: 
PerioFlow[4,out] = TreatmentsDone[totaI,ac,s,r,CalcRem] (a,s,r) 
Because a number of these people will have developed new calculus at the end of the 
year, the net flow will be lower. However, this has already been taken into account in 
the pathology process (see the preceding section). 
The calculation of the number of people flowing from the 'with pockets' state to the 
'gingivitis' state as a result of an extraction is as follows. This number is determined 
from the number of extractions multiplied by the fraction indicating in which case a 
pocket was eliminated, combined with the fraction indicating how many of the people 
undergoing this treatment had only one pocket. The situation is fully analogous for the 
consequences of periodontal surgery. Some of the people undergoing this treatment will 
become free of pockets as a result, especially those people having only one pocket. Ex­
pressed as a formula: 
PerioFlow[2,in] := PerioFlow[2,in] + 
TreatmentsDone[total,ac,s,r,Extrac] χ FracExtrPock χ FracSoloPockExtr(a,s,r) + 
TreatmentsDone[total,ac,s,r,PerioTr] xFracPerioSu xFracSoloPockPerioSu(a,s,r) (a,s,r) 
With respect to the number of pockets the equation is even more simple, this number 
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decreases in proportion to the number of pockets extracted or treated by periodontal 
surgery: 
PerioFlow[3,out] := PerioFlow[3,out] + TreatmentsDone[total,ac,s,r,Extrac] χ FracExtrPock + 
TreatmentsDone[total,ac,s,r,PerioTr] χ FracPerioSu(a,s,r) (a,s,r) 
The determination of the consequences of full extraction for the numbers of people in 
the various periodontal states is established using two variables. Firstly, the number of 
people getting their first full dentures. Secondly, the distribution of these people among 
the periodontal categories is important. In general, this distribution will not correspond 
to the average distribution. If, for instance, 60% of the people in a category have pock­
ets then the percentage may well be 80% for the people becoming edentulous and are 
included in this category. In order to represent this distribution a function is introduced 
which is defined per category. All this can be given in a formula as follows: 
EdentOut = TreatmentsDone[total,ac,s,r,FullDent] xPerioExtracState(t,a,s,r,p) (a,s,r,p) 
5.2.3 Validation 
5.2.3.1 Introduction 
The validation of the periodontal model was very laborious. This was partly due to the 
fact that the theoretical knowledge about the aetiology of periodontal disorders is in a 
state of flux. Contrary to earlier ideas, the probability of suffering from a periodontal 
disorder is not equal for everyone: the prevalence of destructive periodontal disorders is 
lower than was estimated in the past and continues to decline (Hugoson and Jordan, 
1982; Schaub, 1984; Lembariti, 1983; Cushing and Sheiham, 1985; Sheiham, 1988; 
Brown, 1989; Burt, 1988; Oliver et al., 1989). Although gingivitis is found in almost 
every mouth, this does not always lead to the development of destructive periodontal 
disorders (Socransky et ai, 1984; Listgarten et al., 1985; Listgarten, 1988; Papapanou, 
et al., 1989). Partly because of the low prevalence of destructive periodontal disorders, 
the loss of teeth as a consequence of this disease is limited. The statement that "peri­
odontal disorders are the main cause of the loss of teeth after the 35th year of life" is in­
creasingly undermined (Schaub, 1984; Ainamo et al., 1984; Kay and Blinkhorn, 1986; 
Bailit et al, 1987; Burt, 1988; Niessen and Weyant, 1989). Periodontal disorders are 
behind 20-30% of all extractions, but the number of extracted teeth exclusively due to 
periodontal reasons is small (Ainamo et al., 1984). 
Serious, rapidly progressing periodontal disorders are not found only among a small 
number of persons (Johnson et al., 1988). In an individual, too, the progression appears 
to vary according to location. However, the current knowledge is inadequate for a suf­
ficient insight into prognostic indicators that cause serious periodontal destruction or 
will do so in the future (Pilot, 1990); in other words, the sensitivity and specificity of 
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the methods available are too low to make screening valid for possible destructive peri-
odontal disorders at an individual level. 
In spite of the new insights concerning the progression of periodontal disorders, the 
relationship between dental plaque and periodontal diseases still seems to be valid. This 
relationship is found on a population level. Surveys in the field of periodontal disorders 
repeatedly show that people with more dental plaque develop more and serious forms 
of periodontal destruction. In this respect, the 'dose-response' relationship between the 
amount of plaque and periodontal destruction is S-shaped. There is a 'level' of plaque 
which does not lead to the progression of periodontal disorders. If this limit is exceed-
ed, the probability of periodontal destruction increases almost linearly. Above a certain 
plaque value the curve smoothes off quickly (Smales and Sheiham, 1979). Burt et al., 
(1985) suggested that OHI scores of 0.3-0.6 would guarantee a dentition free of peri-
odontal disorders; higher OHI values would sharply increase the probability of de-
veloping periodontal disorders. However, even within populations with low plaque 
values, destructive periodontal disorders develop in some people and at some specific 
sites. 
Calculus was long seen as a contributory factor for periodontal disorders. This con-
clusion was based on observations of a clinical improvement after the removal of calcu-
lus. However, calculus is inert. In germ-free animals the presence of calculus does not 
lead to periodontal diseases if the surface is free of plaque (Listgarten, 1988). Calculus 
is currently seen, therefore, as a retentive factor. Other local factors considered to influ-
ence the accumulation of dental plaque are overhanging restorations, (removable) den-
tures, the smoking of cigarettes and dietary habits. 
The treatment of periodontal disorders 
Together with new insights into the aetiology, pathology and pathogenesis of periodon-
tal disorders, new ideas have been developed as regards therapy. Preventive pro-
grammes and therapeutic treatments of periodontal disorders have been evaluated and 
have received a more rational basis (Ramfjord, 1980; Shanley, 1980; Frandsen, 1984, 
1986). The major change concerns people's opinions about the surgical treatment of pe-
riodontal pockets. There is an increasing tendency to adopt a reluctant attitude towards 
surgical treatment. Moreover, there are doubts about treatments which are often rec-
ommended, such as root-planing. Nyman et al. consider root-planing often unnecessary 
(Nyman et al., 1988). Others even think that root-planing and periodontal surgery have 
a negative influence on the depth of the pocket and lead to a loss of attachment (Lindhe 
et al., 1982; Lang, 1984; Frandsen, 1986). They state that the value of surgery and root-
planing is doubtful. In addition, the 'long-term' effect of the removal of calculus lacks 
any firm basis of clinical trials and there are doubts about the usefulness of removing 
calculus, especially in groups with low calculus scores (Frandsen, 1986). 
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5.2.3.2 Procedure followed 
The fact that the theory on the aetiology of periodontal diseases is changing, means, un-
fortunately, that it cannot be quantified on the basis of published scientific literature. 
Yet the periodontal model needs data concerning the aetiology of periodontal disorders 
- particularly on the effects of periodontal treatments on the incidence of periodontal 
disorders. In order to overcome this problem the project group presented a number of 
questions in this field to the periodontology professors in the Netherlands and to the 
group's adviser (professor Sheiham, University College London, also a periodontolo-
gist). Of course, the information obtained is full of 'ifs' and 'buts', but the general tenor 
was that the effects on a population level are not easily measurable and probably very 
small. On this basis some very rough estimates were made concerning the effectiveness 
of the periodontal treatments (see section 5.2.3.5). However, these estimates are far 
from reliable. Variations up to a factor 10 can not be excluded. 
Verification figures were collected for the periodontal model in a similar fashion to 
the validation of the caries model. Although there is a limited number of studies on the 
prevalence of periodontal disorders on a population level, estimates concerning the pe-
riodontal state of the Dutch population for 1980 and 1986 were translated into state 
variables. These estimates were based on, among others, the The Hague surveys (Truin 
et al., 1980 and 1986), a survey among young people in Amersfoort (Kalsbeek and van 
Foreest, 1986), the LEOT survey (Truin et al., 1989), a survey among adult employees 
(Plasschaert et al., 1976), a survey into periodontal destruction among young adults in 
Amsterdam (van der Velden et al., 1986), a survey among first-year students (Schaub et 
al., 1987), the Den Bosch survey (van Rossum and Kalsbeek, 1985) and the TJZ survey 
(Kalsbeek et al., 1989 and 1992). As in the caries model, the values for 1980 and 1986 
were used for estimating the incidence of the disorders. 
5.2.3.3 Verification figures and estimating incidences 
As there are no surveys on which the estimates for the incidences of the Dutch popula-
tion can be based on directly, the incidences have been estimated in such a way that the 
1986 simulation results (the starting point being 1980) correspond closely with the 
1986 verification figures. Another requirement is that the variations in the incidence 
figures within one age group must not be too large without an explanation for the dis-
crepancy. 
Since it is not realistic to present the estimation procedure as a formal deterministic 
process, first the results of the estimations are shown in table 5.1, followed by a number 
of remarks on the procedure followed. 
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Table 5 1 Estimated incidences for the periodontal model. 
Age 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65 + 
Category 
NHI, reg 
NHI, irreg 
Pnv, reg 
Ρ ην, irreg 
NHI, reg 
NHI, irreg 
Pnv, reg 
Pnv, irreg 
NHI, reg 
NHI, irreg 
Pnv, reg 
Pnv, irreg 
NHI, reg 
NHI. irreg 
Pnv, reg 
Pnv, irreg 
NHI, reg 
NHI, irreg 
Pnv, reg 
Pnv, meg 
NHI, reg 
NHI, irreg 
Pnv, reg 
Pnv, irreg 
NHI, reg 
NHI, irreg 
Pnv, reg 
Pnv, irreg 
sound -> ging. 
80-85 
0 0300 
0 0300 
0 0200 
0 0250 
0 0150 
0 0300 
0 0050 
0 0250 
01000 
01000 
0 0200 
0 0200 
-0 0050 
-0 0050 
-0 0150 
-0 0150 
-0 0050 
-0 0050 
-0 0050 
-0 0050 
-0 0050 
-0 0050 
-0 0050 
-0 0050 
0 0400 
0 0600 
0 0250 
0 0300 
sound -> ging. 
86 and later 
0 0300 
0 0300 
0 0200 
0 0250 
0 0150 
0 0300 
0 0050 
0 0250 
0 1400 
0 1500 
0 0200 
0 0200 
0 0050 
0 0050 
0 0020 
0 0020 
0 0050 
0 0050 
0 0020 
0 0020 
0 0050 
0 0050 
0 0020 
0 0020 
0 0400 
0 0600 
0 0250 
0 0300 
ging. ->deep 
pockets 
0 0000 
0 0000 
0 0000 
0 0000 
00000 
00000 
0 0000 
00000 
00010 
0 0010 
0 0030 
0 0020 
0 0050 
0 0050 
0 0080 
0 0070 
0 0100 
0 0100 
0 0100 
0 0100 
0 0250 
0 0250 
0 0250 
0 0250 
0 0500 
0 0500 
0 1200 
0 1000 
new deep 
pockets 
0 0000 
0 0000 
0 0000 
00000 
0 0000 
0 0000 
00000 
00000 
00600 
0 0600 
0 0900 
0 0900 
0 0800 
0 0800 
01000 
01000 
0 0800 
0 0700 
0 0900 
0 0800 
0 0500 
0 0400 
0 0600 
0 0500 
0 0100 
0 0200 
0 0500 
0 0500 
inc. calculus 
(In 0.1 year) 
0 0003 
0 0003 
0 0003 
0 0003 
0 0040 
0 0050 
0 0050 
0 0050 
01150 
0 0550 
0 0700 
0 0300 
0 3500 
0 2200 
0 2200 
01000 
0 6500 
0 5000 
0 5100 
0 4500 
0 4900 
0 3600 
0 5200 
0 3300 
0 3800 
0 2300 
0 4000 
0 2500 
With respect to these incidence figures it should be noted that the gingivitis incidence 
figure is not a standard incidence figure but the net transition fraction from sound to 
gingivitis, as the (spontaneous) healing of gingivitis is possible. This implies that nega­
tive figures are possible too. A striking feature is that in the group of young people aged 
13-18 these figures are considerably higher than in the more advanced age groups. The 
reason is that among children entering this group the prevalence of gingivitis is still 
fairly low, whereas in this group itself the prevalence of gingivitis is fairly high. This 
means that many children in this group must switch over from the sound category to the 
category with gingivitis. In the 19 to 65 age groups the prevalence of gingivitis changes 
very little. Only 14% of the people covered by National Health Insurance and 20% of 
the privately insured people have no gingivitis. Here, too, there is little change, which 
means that the number of people getting gingivitis is small and a more or less equal 
number move back to the sound category. In these categories the 'gingivitis incidence 
figure' is almost zero. Because a basic incidence figure of zero cannot be steered by 
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multiplicative factors, this figure was first defined a little below zero for a few years 
(from 1980 to 1985) and from 1985 a little above zero. 
The incidence of pockets (transition from the gingivitis category to the category 
with deep pockets) relates to the development of pockets only. Hence the disappearance 
of pockets is not determined by this incidence figure but can only be influenced by den-
tal treatment. The prevalence of people with deep pockets is the result of incidences and 
the treatments carried out. As the estimations of the incidences for the model are based 
on the data about prevalences, the estimates of the treatments carried out will also in-
fluence the estimates of the incidences. 
The incidence figure in the 'new deep pockets' column is the fraction of the popula-
tion with deep pockets getting an additional deep pocket. Particularly in the younger 
groups (aged 13-18 and 19-29) this figure refers only to a very small group with a bad 
periodontal condition. In these groups the figure is somewhat higher than in the more 
advanced age groups, because in the more advanced age groups the people with a very 
bad periodontal condition (who would tend to increase the average incidence figure) 
have already disappeared to the edentulous category. The prevalence figures also show 
that the average number of pockets among people with pockets is lower in the 45-64 
and 65+ age groups than in the younger age groups. 
In modelling the prevalence of people with calculus, the transition from the 'without 
calculus' category to the 'with calculus' category is not counted per year but per 0.1 
years (please also refer to the explanation in section 5.2.1.1.3). These incidences have 
been determined in such a way that a balanced situation in the percentage of people 
with calculus was simulated; these incidence figures only apply to people without cal-
culus. The number of calculus removals also plays a role in this respect. Among irregu-
lar dental attenders calculus is removed much less often than among regular dental at-
tendere. So the people in the irregular dental attenders category and still not having any 
calculus constitute a rather select group of the total group of irregular dental attenders. 
Apparently, they owe the fact that they do not have calculus to their 'good behaviour' 
or they are 'not susceptible' to calculus. The regular dental attenders category can also 
include people without calculus because it has just been removed but who may develop 
calculus again quite quickly. This explains why the incidence of calculus is sometimes 
higher among the regular attendance categories than among the irregular dental atten-
ders. 
5.2.3.4 Effect of treatments on state variables 
In this section only validation for the treatments which have a direct effect on the state 
variables are discussed. In section 5.2.3.5 the treatments having an indirect effect by 
changing the incidence of periodontal diseases are addressed. 
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Full extraction 
With respect to extractions the PerioExtracState variable indicates the distribution of 
the probability that someone undergoing a full extraction has no gingivitis, gingivitis 
only or deep pockets. Moreover, this variable indicates how many people becoming 
edentulous have calculus and how many pockets they have on average. The estimation 
of the variable was based on Bouma's dissertation (1987). 
Single extraction 
With respect to solitary extractions the model has to know whether this concerns a tooth 
with a pocket and if this is the case, whether this is the only pocket the person con-
cerned has (as in that case the person returns from the pockets group to the gingivitis 
group). This is recorded by the FracExtrPock and FracSoloPockExtr variables. 
The estimation of FracExtrPock could not be based on empirical data on the contri-
bution of teeth with pockets to the total amount of teeth being extracted. Therefore, ar-
bitrarily, it has been decided to make FracExtrPock twice the prevalence of pockets. In 
other words, the chance that a tooth with a pocket is extracted is twice the chance for an 
average tooth to be extracted. 
The values of FracSoloPockExtr are estimated using the relationship between the 
number of people with deep pockets and the average number of deep pockets per per-
son. (In other words, if people with deep pockets have on average 3 deep pockets, the 
probability that someone losing a pocket due to extraction loses his last pocket is esti-
mated at 1/3.) 
Complex periodontal treatment 
With respect to the treatment of a pocket by periodontal surgery, the probability of 
someone becoming free of pockets as a result must also be estimated. Again, this is de-
scribed by the FracSoloPockExtr variable. Hence the estimation is identical to that in 
the previous section. As it always refers to pockets, the FracExtrPock variable has no 
counterpart. 
5.2.3.5 Effect of treatments on incidences 
In section 5.2.3.2 the procedure to estimate the effectiveness of a number of treatments 
is described. In the following tables an overview is given of the effect of the increase in, 
for example, the fraction of the population receiving oral hygiene instruction or the 
fraction of the population undergoing a complex periodontal treatment, on the incidence 
of gingivitis and pockets. In principle, a graph plotting the steering factor against the 
basic incidence shows an S-shaped curve for all the effects. As the effects are rather 
small, the curves will not be shown but instead the results are presented in the form of a 
table. The table shows the consequences for the incidences if the fraction concerned in-
creases by 10%. For small variations in the factor (up to 15%) the curve is almost lin-
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ear, this means that the magnitude of the effect can also be deduced directly from the 
table, for instance, a change of 5% in the factor. The curves are symmetrical which 
means that a decrease of, for instance, 10% will show an effect of the same magnitude 
in the other direction. The figures in the tables refer to per cent points. This means that 
an increase in the fraction of the population with calculus from 60% to 70% is called an 
increase of 10%. The magnitude of the effect is also recorded in percentages, but in this 
instance these do not refer to per cent points. In other words: an increase in the inci-
dence of 5% means that the incidence is multiplied by a factor of 1.05. Finally, all the 
tables make a distinction with respect to age, but as to the effect no distinction is made 
between the 4 categories distinguished within one age group. 
Table 5.2 The effect of a 10% increase in either the annual fraction of the population receiving 
oral hygiene instruction or the tooth brushing frequency on the incidence of periodontal 
disorders. 
Age 
0-18 
19-44 
45+ 
Incidence glnqlvllls 
-0.2% 
-0.2% 
-0.1% 
Incidence pockets 
-4.9% 
-3.7% 
-2.4% 
Incidence calculus 
-4.9% 
-3.7% 
-2.4% 
Table 5.3 The effect of a 10% increase in the fraction of the population undergoing a complex pe-
riodontal treatment annually on the incidence of pockets. 
Age 
0-18 
19-44 
45+ 
Incidence pockets 
-4.9% 
-3.7% 
-2.4% 
Table 5.4 The effect of a 10% increase in the fraction of the population with calculus on the inci-
dence of gingivitis or pockets. 
Age 
0-18 
19-44 
45+ 
Incidence 
4.9% 
3.7% 
2.4% 
5.2.3.6 Ageing profile 
The periodontal model, too, has a profile which indicates the extent to which people 
leaving a category due to ageing deviates from the average of that category. The vari-
able which records this is OldProfilePerio. The validation of this variable is simple if 
data are available in which the age groups are defined at intervals of one year. The 
LEOT survey provides these data for 1986. On the basis of these data it is possible to 
calculate the values for the OldProfilePerio variable. In principle, these values only ap-
ply to 1986. As the use of OldProfilePerio is based on relationships rather than on abso-
lute values (for example, 44-year-old people have 20% more pockets than the average 
in the category aged 30-44), it is decided to use these values for the entire simulation 
period. 
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5.2.3.7 Quality of dentition as a variable 
In the attendance and treatment models quality of dentition plays a steering role. The 
problem is that although the role of the quality of dentition is accepted as an indication 
for a number of processes, no generally accepted standard exists for that quality of den-
tition. Therefore a standard is defined especially for this model based on the state vari-
ables in the caries and periodontal models. The idea is simple. A state variable is given 
a higher score as the state it represents can be considered more unhealthy. In the stan-
dard used in this model a restored tooth is rated positively at 0.5, a decayed tooth is 
rated at 1, a pocket is rated at 2, and a missing tooth is rated at 3. Naturally, the precise 
values are arbitrary. In this way a standard is constructed indicating whether the aver-
age oral status of a population develops in a negative or a positive direction over a pe-
riod of time. An explanation of the use of this standard can be found in the chapters 4 
and 7 concerning the attendance model and the treatment model respectively. 
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The supply model 
6.1 Introduction 
The purpose of the supply model is to calculate for each year the amount of time avail-
able for work in connection with patient treatment. The output produced by this sub-
model for the other submodels consists only of figures for the work potential of dentists 
and dental hygienists, expressed in terms of FTEs (full-time equivalents). Of course, 
other professional groups are active in dental health care as well; dental prostheticians 
and dental assistants are prime examples. (The services of dental specialists have not 
been included in this study; consequently, the supply of oral surgeons and orthodontists 
has been left out of the model.) The decision not to extend the model to include the 
supply of dental prostheticians and dental assistants was made for a number of reasons. 
As regards dental prostheticians in the Netherlands, this is as yet such a 'young' profes-
sion that it is impossible to achieve a satisfactory modelling of training, number of 
years in the profession, development of time spending, etc. For this reason, the supply 
of dental prostheticians is treated as an exogenous variable in the treatment model. As 
for dental assistants, their training is relatively brief, and they often stop working after a 
relatively short period. Besides, some of them are trained by the dentists they work for. 
All of this makes it very difficult to give a description of the developments in this pro-
fessional group over more than a few years. Modelling their activities in the same way 
as those of dentists and dental hygienists - to be described in the following sections -
would therefore involve too many uncertain factors. For this reason the supply of dental 
assistants will also be treated as an exogenous variable. 
6.2 Conceptual model 
In order to be able to describe the developments in the working potential, the supply 
model needs a rather detailed internal structure. Information must be available about the 
professionally active people both by gender, age and work environment. This implies 
that also knowledge is needed about the student population (for the two professions 
considered in the supply model) and about the unemployed dentists and dental hygien-
ists. With these considerations in mind, three groups of state variables have been cho-
sen: variables concerning the number of students, the number of professionally active 
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people and the number of unemployed (job-seekers). Each group is in rum further di-
vided. These subdivisions are as follows: 
The 'Students' group is divided according to: 
• course: dentistry or dental hygiene 
• the number of years a student has been following a course 
• gender 
The 'Professionally active' group is divided according to: 
• profession: dentist or dental hygiënist 
• work environment: general practice or other activities; the criterion here is the envi-
ronment in which the principal activity takes place 
• age category: the age categories distinguished are: <25, 25-29,... , 65-69, 70+ (the 
same categories are used in the databases of the Dutch Ministry of Welfare, Health 
and Cultural Affairs) 
• gender 
The 'Unemployed' group is divided according to: 
• profession: dentist or dental hygiënist 
• the number of years a person has been unemployed 
• gender 
Each of the three groups of state variables which play a role in this submodel differs 
considerably in nature from the others; they will therefore be discussed in three separate 
sections. 
6.2.1 Student model 
The student populations have been specified according to three criteria: course, the 
number of years of study already completed and gender. Whether a person is male or 
female does not affect the structure of the student model. There is also hardly any dif-
ference in the modelling of the two courses, dentistry and dental hygiene. Of course a 
difference exists in such parameters as the number of students who have commenced a 
course, graduation percentages, etc. Wherever 'students' are mentioned in this para-
graph, this refers to both male and female students, as well as to students in both den-
tistry and dental hygiene courses. 
In principle, the length of a course is described by two processes: commencement 
and graduation. For the model, the number of first-year students in a certain year is an 
input variable and can therefore be regarded as given. The flow of students through a 
course is monitored by means of two rows of eight figures. The first row indicates 
which proportion of the students having completed a certain number of years, are actu-
ally still following the course. The second row of figures indicates which proportion of 
students graduate in a certain year. Naturally, these figures will be quite different for 
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the dental hygiene and the dentistry courses. 
It should be pointed out that parameters such as the success rate of the course or the 
average period of study are not used in the model. Such more general characteristics of 
a course can be deduced quite simply from the parameters that have been included in 
the model (see section 6.3.2.1). 
6.2.2 Professionally active model 
The various processes affecting the numbers of people in each cell of the professionally 
active group will be discussed one by one. 
Mortality 
The number of people leaving the system due to mortality is a certain fraction of the 
number of people in a category. This fraction is assumed to be time-dependent and age-
dependent, but not dependent on profession or gender. 
Migration 
For the professionally active group, both immigration and emigration are regarded as 
input variables which indicate for each cell how many people enter or leave that cell per 
year due to migration. 
Ageing 
As in the population model, it is assumed that the reciprocal of the width of an age cat-
egory is an indication of the number of people leaving that category through ageing 
each year. An exception is made for the youngest category (under 25 years). Dentists in 
that category are all assumed to be 24 years of age, and are consequently all assumed to 
flow through within one year. As for dental hygienists, the width of the youngest age 
category is assumed to be three years, corresponding with an average age at graduation 
of 22. Consequently, one third of the dental hygienists in the youngest age category will 
flow through to the 25-29 category each year. As the oldest age category has no upper 
limit, no people will leave this category due to ageing. 
End of professional career 
The proportion of the professionals in each age category stopping working is defined as 
a generally time-dependent fraction of that category. This fraction is defined as a frac-
tion per year. 
Dismissal and demand 
Both the number of professionals who are 'laid off' and the demand for new profes-
sionals are determined by the difference between the number of full-time equivalents 
(FTEs) actually active and the number required. The available number of FTEs is sim-
ply determined by multiplying the number of professionally active people in a category 
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by a parameter indicating the average number of FTEs per person in that category. The 
work environment classification is based on the location of the principal activity. This 
does not mean that the average general practitioner does not have a share of the other 
activities as well, just as someone belonging to the 'other' category can also be active 
part-time in the field of patient treatment. 
The demand for professionals is determined differently for the two work environ-
ments identified in the model. In the case of people working in a general practice the 
degree of practice capacity utilization is focused upon. If this degree falls below a cer-
tain level, professionals are laid off. The over capacity is expressed as a number of 
FTEs, a certain fraction of which is then 'disposed of' each year. The provision that 
only a fraction is laid off has been included to introduce an indirect delay effect. This 
delay effect corresponds to the real situation, in which there is also some delay before 
an existing over capacity is reduced. If the degree of capacity utilization is too high 
(above a given upper limit) this is assumed to result in a demand for professionals equal 
to a certain fraction of the number of them needed to bring capacity utilization back to 
that upper limit. 
As for the 'other' work environments ('other' chiefly meaning the universities), the 
number of FTEs needed is first determined. This number is the sum of a fixed number 
plus a certain number per student. Of course, these numbers differ for the demand for 
dentists and for dental hygienists. Next, the difference between the number of required 
FTEs and the number of employed FTEs is taken into consideration. If there is a short-
age, then demand is assumed to be equal to a certain fraction of the number of people 
required to fill that shortage. If there is a surplus, then a number of people are laid off 
corresponding to a fraction of that surplus. Here, too, fractions are used to express the 
gradual elimination of staff shortages or surpluses. 
Apart from demand resulting from overloading of practices, two more factors induce 
demand. In the first place, a person's decease or the end of a person's professional ca-
reer is assumed to result in the demand for one person to take his or her place. 
Secondly, an input variable 'Startlndependent' has been defined for both professions 
indicating the additional number of people who can establish themselves in these pro-
fessions without replacing a person who stopped working or being employed by exist-
ing practices that have become overloaded. This number is added to the demand for 
labour in the general practice sector. 
If the total demand for professionals in a certain group is greater than the pool of 
available manpower, the demand cannot be met completely. In the model, people look-
ing for employment are not assumed to have any preference for either of the two work 
environments. This means that in a situation where demand is too high, the demand is 
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reduced in both work environments proportionally so that the level of available man-
power is reached. 
Subdivision of dismissal 
In principle, the number of employees dismissed within one year is only divided ac-
cording to work environment and profession (see preceding section). This is based on 
the idea that the extent of the dismissal of professionals is only specified for dentists or 
dental hygienists and for both of the work environments (general practice or other). The 
people having to stop working due to dismissal are deducted from the number of pro-
fessionally active people in the various cells. Since the professionally active have not 
only been divided according to profession and work environment, but to age and gender 
as well, this implies that those who are laid off have still to be divided according to age 
and gender. The division as to gender is done proportionally with the distribution over 
gender for that profession. For the division as to age a parameter is introduced which 
can be used to raise or lower the number of people dismissed in certain age categories 
to above or below the proportionate level (the number of dismissals can be raised, for 
instance, among people under 30 and over 50 and reduced for people in the intermedi-
ate categories). 
Subdivision of the newly employed 
The process with regard to newly employed people is modelled in much the same way 
as described in the previous section. First, the number of people for whom new jobs are 
available is calculated, depending on work environment and profession. Here, too, the 
calculation of the number of people starting work is specified according to profession 
and work environment. It follows that a further division according to age and gender 
will have to take place. The division according to gender is determined by the division 
as it exists in the unemployed category, from which the newly employed have come 
(see section 6.1.3). For the division as to age an exogenous variable is introduced. This 
variable indicates the age distribution of the newly employed for each profession. 
Work potential 
The information contained in this submodel can be used to assess the total number of 
hours dentists and dental hygienists have available for the treatment of patients. In 
principle, the final calculation of that amount of time for the entire body of dentists and 
dental hygienists is not very complicated. Unfortunately, there is an abundance of time 
measures in use in dentistry (chair hours, chargeable hours, total dedicated time, etc.). 
In section 6.4.2.2, the definitions and the calculation procedure used to arrive at the to-
tal labour supply, is described in more detail. 
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6.2.3 Unemployed model 
As has been mentioned in the introduction, the unemployed are distinguished according 
to their profession, number of years of unemployment and gender. In principle, five 
factors can be distinguished which affect the variance of the numbers of unemployed as 
divided according to these criteria. These factors are: becoming unemployed, finding 
employment, migration, increasing duration of unemployment and the (voluntary or in-
voluntary) end of availability for the labour market. 
Before discussing these factors it is important to provide a general understanding of 
the relationship between the unemployment phase as distinguished in the model and the 
two other groups of state variables. This can best be illustrated by an example showing 
how the diverse calculations are linked, proceeding from a starting-point in 1986. For 
the sake of convenience the example is restricted to male dentists. 
In 1986, there will be a certain number of unemployed. This number is raised by the number of 
dentists who are laid off and the number of dental students who graduate. The sum is the total 
potential of available manpower for meeting (inasmuch as possible) the demand for dentists. Of 
course, the hiring of new professionals from this group will cause the number of unemployed 
dentists to fall, and the resulting number is the new value for the number of unemployed male 
dentists per January 1st, 1987. 
Although details have not been mentioned, this example illustrates the essence of the 
relationship between the unemployed sector and the other two sectors in this submodel, 
namely that of an intermediary. Everyone graduating or changing from one job to an-
other is added (even if it is only for a short while) to the reservoir of the unemployed. 
The reason is that it now becomes unnecessary to distinguish between various more or 
less 'intersecting' flows of professionally active people. Although at first sight this 
simplification may appear to result in an overestimation of the number of unemployed, 
this is in fact not the case. An artificial increase in the unemployed category does in-
deed take place, for instance, because students finding work immediately after gradua-
tion are nevertheless added to the unemployed category. However, this is exactly bal-
anced by the explicit inclusion of this number of newly employed professionals in the 
figures for the demand for dentists and dental hygienists. As the number of unemployed 
is again reduced by this number of newly employed before the calculations concerning 
a certain year are concluded, the number of unemployed will have returned to the cor-
rect level by January 1st of the next year. 
Becoming unemployed 
The influx into the reservoir of the unemployed can take place in two ways (apart from 
migration). The first is that of professionally active people being laid off. Generally 
speaking, people who have been laid off and who are above a certain age can no longer 
be regarded as available for the labour market. Therefore, an upper age limit can be set 
for people to be added to the group of unemployed after being laid off. Secondly, any-
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one who graduates is first added to the unemployed group. In the case of dentists, this 
only applies to people who do not begin specialist training after graduation. People who 
do start specialist training leave the model, as it were. Together, the graduates and the 
group of people who are laid off constitute the group of people who are unemployed for 
less than one year. This group is of course divided according to gender and profession. 
This is straightforward since both the students and the professionally active who are 
laid off were already classified according to these criteria. 
Finding employment 
Every person finding employment comes from the group of unemployed. The proce-
dure for determining the extent of the demand for labour has been described in section 
6.2.2. This demand has been divided according to profession and work environment. 
The numbers of unemployed have been divided according to the duration of unem-
ployment, profession and gender. A further division has to take place here. The subdivi-
sion that takes place in the model is relatively simple and based on proportions. That is 
to say that if, for instance, 40% of the unemployed are female, 40% of the newly em-
ployed will also be female. Similarly, if 70% of the unemployed have been unemployed 
for less than one year, then 70% of the newly employed will be drawn from that group. 
These subdivisions make it possible to determine for each subcategory of unemployed 
the number of people leaving that category as a result of having found employment. 
Migration of the unemployed 
The group of unemployed is subject to both immigration and emigration. Emigration is 
expressed as a certain fraction of each category. This is a fraction of the number of un-
employed after the number of people having found a job during the year has been sub-
tracted. Immigration is expressed in absolute figures and only applies to the group of 
people having been unemployed less than one year. Both variables, the fractions for 
emigration and the absolute figures for immigration, are input variables for the model. 
Duration of unemployment 
Modelling the increasing duration of unemployment is simple. After the deduction of 
the numbers of people who have found work or have emigrated, each group of unem-
ployed moves one year further and becomes the group that has been unemployed for 
one year longer. The number of years that a person can be unemployed is assumed to 
have a maximum value. This maximum can be set during the validation phase. Once a 
group reaches this maximum, the people concerned leave the system and are no longer 
registered as unemployed. The model does not monitor any latent surplus labour. 
6.2.4 Outline of the structure of the supply model 
Figure 6.1 shows an overall outline of the structure of the supply model. 
115 
The supply model 
first-year 
students 
Education 
(profession, 
gender, start 
study) 
graduated 
specialist 
training 
immigration 
Unemployed 
(profession, 
gender, 
length of un­
employment) 
drop-outs 
dismissal 
new job 
immigration 
Employed 
(profession, 
gender, 
working 
environment, 
age) 
emigration 
"too" long unemployed 
stop, 
death 
emigration 
Figure 6.1 Overall structure of the supply model. 
6.3 Mathematical model 
6.3.1 Variables 
For the supply model some new indices are introduced. 
• The j index is used to indicate the number of years of study already completed (j=l 
to 8). As the model calculates in calendar years, a person who has started studying, 
for instance, in September 1979 is indexed as 1 in 1980. 
• The pr index indicates the distinction as to profession: pr=Dentist or pr=DentHyg 
• The g index indicates the gender: g=m or g=f 
• The w_e index indicates the work environment: w_e=gp or w_e=Other 
• The a index indicates the age category: a=l ... 11 (this index is different from the 
one used in the other submodels!) 
• The к index indicates the duration of unemployment, к should be interpreted as fol­
lows: if a person falls in the category indexed 1 on January 1st of a certain year, then 
he or she became unemployed in the previous year. (k=l ... MaxUnemp(pr)) 
The definitions of relevant model variables are listed below. 
: The number of FTEs employed in the 'other' cate­
gory. 
: The width in years of the age category. (For a=l the 
width varies depending on whether it applies to den­
tists or dental hygienists.) 
: The number of people indicated by the indices w_e 
and pr that can enter the labour market. 
: Same as Demand but now also subdivided by age 
and gender. 
: The number of people laid off. 
AverageTotFtelnOtherfpr] 
CategoryWidth(pr,a) 
Demand[w_e,pr] 
DemandByCell[a,w_e,g,pr] 
Dismissed[w_e,pr] 
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DismissedPerCeIl[a,w_e,g,pr] 
DistrStartWork[pr,a] 
EmigrEmp(t,a,w_e,g,pr) 
EmigrUnemp(t,pr,g,k) 
FirstGradeStudents(t,pr,g) 
FixedPers(t,pr) 
FracDismissed(t,pr) 
FracReplaceDem(t,pr) 
FracSpecialist(t,g) 
FteNeededInOther[pr] 
GradProfile(t,pr,g,j) 
Hours Worked[pr,w_e] 
ImmigrEmp(t,a,w_e,g,pr) 
ImmigrUnemp(t,g,pr) 
MaxUnemp(pr) 
MaxWorkloadGp[pr] 
MigBalanceEmp[a,w_e,g,pr] 
MinWorkloadGp[pr] 
: Same as Dismissed but now also subdivided by age 
and gender. 
: Age structure of people who start working (newly 
employed). 
: The decrease in the number of professionally active 
due to emigration. 
: The fraction of к year-unemployed emigrating. 
: The number of first-year students. 
: The number of FTEs required in environments other 
than general practices, regardless of the number of 
students. 
: If N people would have to be laid off to reduce un­
derloading to what is considered a normal lower 
limit, then this fraction of N will actually be laid 
off. See also Underload and MinWorkloadGp. 
: If N people would be required to reduce the over­
loading of practices to what is considered a normal 
upper limit, then this fraction of N will actually be 
employed. See also Overload and MaxWorkloadGp. 
: The fraction of newly graduated dentists starting 
specialist training. 
: The number of FTEs required from sources other 
than general practices for functions indicated by pr. 
: The fraction of the group of students indicated by 
the indices pr and g graduating in year j of the 
course. In principle, this fraction can vary with time. 
: The average number of hours worked per person. 
: The number of immigrants to be added to the pro­
fessionally active group. 
: The number of immigrants to be added to the un­
employed group. 
: The maximum number of years a person with pro­
fession pr can be unemployed without being 
dropped from the labour market in his original pro­
fession. 
: The maximum value of the capacity utilization that 
is still considered normal. A higher value leads to 
an increase of the number of professionally active 
dentists or dental hygienists. 
: The net number of people entering the indicated cell 
in the employed group due to migration (might be 
negative). 
: The minimum value of capacity utilization that is 
still considered normal. A value below this mini­
mum leads to a reduction of the number of profes­
sionally active dentists or dental hygienists. 
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MortFracPersonnel(t.a) : The mortality rate in age category a (both for den-
tists and dental hygienists). 
: The number of graduates of gender g in the profes-
sional group indicated by pr. 
NrFtePerPerson(t,pr,a,g,w_eIn,w_eOut) : The average number of FTEs worked in 
work environment w_eln by a person whose princi-
pal activity is in work environment w_eOut. 
The number of people in the category concerned. In 
the classification according to the work environ-
ment, the principal activity serves as the criterion. 
Demand in terms of the required number of FTEs 
from the profession indicated by pr, per dental hy-
giene student. 
Demand in terms of the required number of FTEs 
from the profession indicated by pr, per dentistry 
student. 
The number of deceased in the indicated category. 
The total number of students corresponding to the 
indices pr and g. 
; The number of people leaving an age category due 
to ageing. 
: The number of FTEs required to reduce the over-
loading of practices to what is considered a normal 
upper limit. 
: The fraction of the group of students indicated by 
the indices pr and g still present in year j of the 
course. In principle, this fraction can vary with time. 
ProfessionLeaveFrac(t,a,w_e,g,pr) : The fraction of the professional population who 
stop working in the year t. 
: The number of professionals who can establish 
themselves in the year t other than by taking over an 
existing practice. 
: The number of people who stop working. 
; Total demand for labour with the profession indi-
cated by pr. 
: The total number of unemployed with the profes-
sion indicated by pr. 
: The number of FTEs that would have to be dis-
missed to reduce underloading to what is considered 
a normal lower limit. 
: The number of unemployed corresponding to the 
indices pr, g and k. 
: The number of people becoming employed corre-
sponding to the indices pr, g and k. 
: The degree to which practices are overloaded. A 
value of 1 corresponds to a certain norm capacity. 
NewlyGraduated [pr,g] 
NrOfPeople[a,w_e,g,pr] 
NrPerDentHSt(t,pr) 
NrPerDentSt(t,pr) 
NumberOfDeaths [a, w_e,g,pr] 
NumberOfStud[pr,g] 
01dOut[a,w_e,g,pr] 
Overload[pr,GP] 
PresProfile(t,pr,g,j) 
Startlndependent(t,pr) 
Stopped[a,w_e,g,pr] 
TotDemand[pr] 
TotUnempUpr] 
Underload[pr,GP] 
UnempiByYear[pr,g,k] 
UnemplByYearOut[pr,g,k] 
Utillevel[pr] 
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WeightDismissed[pr,w_e,a] : Parameter which indicates the age structure of the 
people who are laid off. 
6.3.2 Construction of the difference equations 
6.3.2.1 Student model 
At each time step two variables have to be determined. These are the number of people 
still in training and the number of graduates. The number of people still in training is 
calculated using the following formula: 
tí 
NumberOfStud[pr,g] = V FirstGradeStudents(t-j,pr,g) χ PresProfiIe(t-j,pr,g) 
J = l 
The number of graduates is calculated as follows: 
NewlyGraduated(t,pr,g) = 2-i ( FirstGradeStudents(t-j,pr,g) χ PresProfile(t-j,pr,g) x 
J=l 
GradProfile(t-j,pr,g) ) 
Though the success rate and the average period of study in itself are no variables 
needed by the model they can simply be deduced from the variables PresProfile and 
GradProfile: 
tí 
SuccessRate [pr,g] = V PresProfile(j,pr,g) χ GradProfiIe(j,pr,g) 
J = l 
1 ^ 
AverPeriodOfStudy [pr,g] = У ix PresProfile.(i,pr,g) χ GradProfìle(j,pr,g) 
SuccessRate [pr,g] · ~ 
6.3.2.2 Professionally active model 
Section 6.2.2. described what relations regarding to changes in the number of people 
working have to be included in the professionally active model. These will be dealt 
with first. At the end of this section the difference equation for this part of the supply 
model is given. 
Determination of the mortality rate 
Apart from the total number of people in a cell of the professionally active population, 
the number of deceased in a cell depends only on the parameter MortFracPersonnel. 
This fraction is assumed to be time-dependent and age-dependent, but not dependent on 
profession or gender. 
NumberOfDeaths[a,w_e,g,pr] = MortFracPersonnel(t,a) χ NrOfPeople[a,w_e,g,pr] 
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Migration 
The net increase of the professionally active population due to migration, is simply the 
difference between the immigration and the emigration. Both emigration and immigra­
tion are input variables for the model so: 
MigBalanceEmp[a,w_e,g,pr] = ImmigrEmp(t,a,w_e,g,pr) - EmigrEmp(t,a,w_e,g,pr) 
Ageing 
The number of people leaving a cell of the professionally active population is propor­
tional to the number of people in the cell and inversely proportional to the width of an 
age group (in years). This yields the following equation: 
01dOut[a,w_e,g,pr] = NrOfPeople[a,w_e,g,pr]/CategoryWidth(a,pr) a=l ..10 
End of professional career 
The modelling of the number of people which end their professional career is analogous 
to the modelling of the number of deceased, albeit that the parameter involved, 
ProfessionLeaveFrac, now not only depends on the time and age but also on profession 
and gender. 
Stopped[a,w_e,g,pr] = ProfessionLeaveFrac(t,a,w_e,g,pr) χ NrOfPeople[a,w_e,g,pr] 
Dismissal and employment 
The determination of the number of people leaving a cell due to being laid off or enter­
ing a cell due to having found employment is rather more complicated. First, the num­
ber of people needing to be employed or dismissed is determined for each professional 
group and work environment. The calculation differs for the two work environments. 
The following construction applies to general practices: If the degree of capacity 
utilization is high, then the practices are overloaded. This is calculated as follows: 
OverIoad[pr,gp] = (Utillevel[pr] - MaxWorkloadGp[pr]) χ HoursWorked[pr,gp] 
This is an expression, in FTEs, of the extent to which the maximum degree of capacity 
utilization that is considered normal is exceeded. The resulting demand is a fraction of 
the overloading and needs to be divided by Hours Worked to make it an expression in 
terms of numbers of people: 
Demand[pr,gp] = Overload[pr,gp] χ FracReplaceDem(t,pr) / HoursWorked[pr,gp] 
Similarly, practices are underloaded when the degree of capacity utilization drops be­
low the normal level. 
Underload[pr,gp] = (MinWorkloadGp[pr] - Utillevelfpr]) χ HoursWorked[pr,gp] 
This is an expression in FTEs, of the extent to which capacity utilization drops below 
the minimum level that is considered normal. The resulting dismissals are a fraction of 
the under-utilization which again needs to be divided by HoursWorked to make it an 
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expression in terms of numbers of people: 
Dismissed[pr,gp] = Underload[pr,gp] χ FracDismissed(t,pr)/ HoursWorked[pr,gp] 
When the degree of capacity utilization lies in between MinWorkloadGpfpr] and 
MinWorkloadGp[pr], then there are no dismissals or new appointments in the general 
practice work environment take place. 
For the 'other' work environment category, the number of people employed or dis­
missed is determined by the difference between the total demand for labour (in FTEs) 
and the actual number of FTEs worked in that environment. The demand for this kind 
of labour is made up of two components. In the first place, a fixed number of FTEs is 
required for professional organizations, policy tasks, etc. In the second place, a certain 
number of FTEs of dentists and dental hygienists is required for each student following 
dentistry or dental hygiene courses. This has been formalized as follows: 
FteNeededInOther[pr] = FixedPers(t,pr) + NrPerDentSt(t.pr) χ NumberOfStud[Dentist,nH-f] + 
NrPerDentHSt(t.pr) χ NumberOfStud[DentHyg,m+f] 
The difference between this number and the number of FTEs actually working indicates 
whether people are dismissed or new appointments are made. Division by Hours-
Worked converts the expression in terms of FTEs to one in terms of numbers of people. 
If FteNeededInOther[pr] > AverageTotFteInOther[pr] then: 
(FteNeededInOther[pr]-AverageTotFteInOther[pr]) χ FracReplaceDem(t,pr) 
eman [pr, t erj - Hours Worked [pr.Other] 
If FteNeededInOther[pr] < AverageTotFteInOther[pr] then: 
η· At η h - (AverageTotFteInOther[pr]-FteNeededInOther[pr]) χ FracDismisscd(t,pr) 
ìsmisse [pr, t erj - HoursWorked[pr,Other] 
Finally, demand is augmented by the number of people who have stopped working and 
the number of people who have died. 
Demand [pr,w_e]:= Demand[pr,w_e] + 
a=ll g=f 
V V (NumberOfDeaths[a,w_e,g,pr] + Stopped[a,w_e,g,pr]) 
a=l g=m 
An additional variable, Startlndependent, is included for the general practice work envi-
ronment: 
Demand[pr,gp] := Demand[pr,gp] + Startlndependent(t,pr) 
The calculation of demand and dismissal produces the numbers of people for both pro-
fessional groups and work environments who can start working and/or the numbers 
who have to stop working. As discussed earlier, these numbers have to be further speci-
fied in order to calculate their effects on the state variables (NrOfPeople and Unempl-
ByYear). First the division of the people who are laid off is discussed. 
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Subdivision of the 'laid off ' category 
First determine the weighted sum of the number of professionally active among the 
factors of age and gender and for both professional groups and both work environ­
ments: 
a=ll g=f 
S[pr,w_e] = V V WeightDismissed[pr,w_e,a] χ NrOfPeople[a,w_e,g,pr] 
a=l g=m 
Making use of S[pr,w_e] and Dismissed[pr,w_e] calculated previously, the desired sub­
division can now be made: 
DismissedPerCeIl[a,w_e,g,pr] := 
WeightDismissed[pr,w_e,a] x NrOfPeople[a,w_e,g,pr] x Dismissed[pr,w_e] 
S[pr,w_e] 
Subdivision of demand 
The demand for new labour is first determined for each professional group and work 
environment. The required further subdivision according to age and gender is formal­
ized as follows. First calculate the total number of unemployed and the total demand: 
f f k=MaxUnemp(pr) V UnempIByYear[pr,g,k] 
g=m k=I 
TotDemandtpr] = Demand[pr,GP] + Demand[pr,Other] 
When demand is greater than supply, then demand is made equal to supply: 
TotDemand[pr] := TotUnempl[pr] if: TotDemandfpr] > TotUnempl[pr] 
Now, the outflow of people who have become employed can be calculated for each 
subcategory of unemployed: 
UnempIBy YearOut[pr,g,k] = ^ χ UnemplByYear[pr,g,k] 
TotUnempIfpr] 
Apart from the outflow from the unemployed group, the influx into the group of the 
professionally active has to be structured as well. This necessitates a further division 
according to the factors of work environment and age. The division among the two 
work environments is made in proportion to the magnitude of the demand in each envi­
ronment; the division as to age is given by the parameter DistrStartWork[pr,a]. This pa­
rameter indicates the fraction of the population with the profession pr entering age cat­
egory a. (For each profession the sum of these fractions has to equal 1.) Finally, the 
number of years of unemployment is of no further significance from the moment a per­
son enters the professionally active category. This is expressed by the summation of the 
к index. 
DemandByCell[a,w_e,g,pr] = 
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k=MaxUnemp(pr)
 n
 , f . 
DistrStartWork[pr,a] χ Y UnemplByYearOut[pr,g,k] χ e m a " tPr»'w—eJ 
j~i TotDemand[pr] 
Final difference equation 
Putting the building stones from this section together, it is simple to give the overall 
difference equation for the professionally active model. Since all variables in this equa­
tion have the suffix '[a,w_e,g,pr]\ this suffix is left out to make the equation more 
readable. This results in the following balance equation: 
NrOfPeople(t+l) := NrOfPeople(t) - NumberOfDeaths + MigBalanceEmp - OldOut -
Stopped - DismissedPerCell + DemandByCell (a,w_e,g,pr) 
6.3.2.3 Unemployed 
The processes which lead to an influx into the unemployed category will be dealt with 
first. Influx takes place into the unemployed category with a value of 0 for the к index. 
For all the unemployed having not found employment before the end of the year, the к 
index is raised by one. This means that, per January 1st, the group that became unem­
ployed in the previous year will correspond to a value of 1 for the к index, which is in 
conformity with the definition of k. 
Graduation 
There is a slight difference between the calculations for dentists and those for dental 
hygienists, as those dentists starting specialist training have to be subtracted from the 
number of graduated dentists. 
UnemplByYear[Dentist,g,0] = NewlyGraduated(t,Dentist,g) x (1 - FracSpecialist(t)) 
UnemplBy Year[DentHyg,g,0] = NewlyGraduated(t,DentHyg,g) 
Dismissal 
Professionals who are laid off are only added to the pool of unemployed if they are be­
low a certain age: 
UnemplByYear[pr,g,0] := UnemplByYear[pr,g,0] + V V DismissedPerCell[a,w_e,g,pr] 
a w_e 
Immigration 
UnemplBy Year[pr,g,0] := UnemplBy Year[pr,g,0] + ImmigrUnemp(t,g,pr) 
Starting work 
The previous sections dealt with all aspects of the influx into the unemployed category. 
The calculation of the total manpower potential available to meet demand has been de­
scribed in section 6.3.2.2. It is important to point out that this calculation takes place af­
ter the influx described above has been processed. The next step is to process the end of 
unemployment, which applies to people who can start work in order to meet the exist -
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ing demand. Until now, this demand has only been distinguished according to profes-
sion and work environment. The distribution of the demand among the subcategories of 
unemployed has already been explained in the description of the formalization of the 
professionally active model, and defined in terms of the UnemplByYearOut[pr,g,k] 
variable. The consequences of the introduction of this variable for the number of un-
employed are simple to work out: 
UnemplByYear[pr,g,k] := UnemplBy Year[pr,g,k] - UnemplByYearOut[pr,g,k] 
Apart from a decrease due to people becoming employed, the number of unemployed 
also falls due to emigration. The extent of any emigration is calculated on the basis of 
the number of unemployed remaining after the above calculation of the number of 
people started working in the Netherlands. 
UnempIBy"Vear[pr,g,k] := UnemplByYear[pr,g,k] x(l - EmigrUnemp(t,pr,g,k)) 
Duration of unemployment 
The remaining number of unemployed is also the new number per January 1st of the 
following year. Since one year has passed, each category advances one year: 
UnemplBy Year[pr,g,k] := UnemplByYear[pr,g,k-l] 
It is important to note that this equation implies that the group of unemployed with the 
value k=MaxUnemp will disappear from the system after the following year. 
6.4 Validation 
6.4.1 Verification figures 
A number of parameters of this model could be estimated either directly from empirical 
data or by processing empirical data. For some parameters however, no or inconclusive 
empirical data were available so as with the other submodels, the validation of this 
submodel partially relied on the creation of data sets which indicate the variance of the 
state variables over a period of time, and which can be used to verify the simulations 
carried out by this submodel. These figures, termed verification figures, have also been 
used to estimate a number of parameters about which no information can be found in 
the literature. The variable which indicates the fraction (depending on age) of the pro-
fessionally active leaving the profession is a case in point. 
Data on the state variables, being the number of students, professionally active and 
unemployed, were all readily available, mainly from governmental sources. Also data 
were found on the yearly number of graduates. These were also used for verification 
purposes. For parameters which were (partially) estimated by using the verification 
figures, it will be stated how they were deduced from these figures. 
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6.4.2 Parameters 
6.4.2.1 Parameters concerning students 
Number of first-year students 
The number of first-year students dentistry could directly be found in CBS-statistics 
(Statistiek voor het wetenschappelijk onderwijs [Statistics of Academie Education] 
1975 and later. The number after the year 1992/1993 was supposed to remain un-
changed for future years. For dental hygiene students these figures could be found in 
"Rijksbegroting Gezondheidszorg" [State Budget Health Care], 1980, table 5.4 and 
"Notitie Taakstellingen Beroepskrachtenplanning Gezondheidszorg" [Memorandum 
Targets Planning Professional Health Care] 1988 and 1991 (CBS/GHI). 
Parameters concerning continued course attendance and graduation percentages 
Two types of parameters describe the study process. They are the PresProfile and the 
GradProfile parameters. The former indicates which proportion of the first-year stu-
dents still attend the course after a given number of years. The latter indicates which 
proportion of the students graduate after a given number of years. For both parameters 
empirical data were available as unpublished results from the dental schools. However, 
these data did not cover all years involved and sometimes they were only known for 
some of the dental schools, and not on a national level. The generalization of the data 
was based on the assumption that data for one dental school could be used as an esti-
mate for other dental schools unless this resulted in conflicts with the verification fig-
ures. In those cases the estimates needed minor adjustments (mostly with a magnitude 
of a few percent). The same approach was used in cases were data for a specific year 
were missing. In these cases interpolation was used to obtain primary estimates which, 
again, were tested by using the verification figures. 
6.4.2.2 Parameters concerning the professionally active 
A number of parameters are important with regard to the group of professionally active 
people. First, attention is focused on the parameters which affect the numbers of the 
professionally active. The end of this section describes the calculation procedure used 
to establish the number of hours available for patient treatment. 
Immigration and emigration 
In the supply model, migration can take place both in the professionally active group 
and in the unemployed group. Professionally active dentists and dental hygienists are 
not assumed to emigrate. (Emigration does take place from the unemployed group.) The 
immigration of professionally active people is assumed to take place, but this applies 
only to dentists. Reliable figures on the precise number of dentists entering the 
Netherlands to start practice were not available, but it is known that these figures are 
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very low. More or less arbitrary the number was set to 10 yearly. 
Deceased and 'profession dropouts' 
The mortality fraction for the professionally active was supposed to be equal to the 
fraction for the Dutch population which were already known from the population 
model. The fraction of profession dropouts (ProfessionLeaveFrac) could not be 
estimated on the basis of literature. This fraction was estimated by using the verification 
figures, by adjusting its values to the extent that the simulated numbers of dentists and 
dental hygienists (specified according to age and gender) correspond with the 
verification figures. 
Manpower potential 
The principal function of the supply model is the calculation of the manpower potential 
of dentists and dental hygienists. In principle, the final calculation of this amount of 
time for the entire population of dentists and dental hygienists is not very complicated. 
An abundance of time measures is used in dentistry (chair hours, chargeable hours, total 
dedicated time, etc.). This creates the necessity of establishing a clear definition of the 
number of hours calculated in this submodel, that is both comprehensive and explicit. 
The definition opted for is based on the premise that a calculation of the total supply of 
labour available for patient treatment is required . The calculation procedure used to ar-
rive at the total labour supply can best be described as a phased process, consisting of 
two stages (see table 6.1). The first stage concerns an assessment of the number of days 
available per year for patient treatment (the number of actual working days), the second 
stage is the assessment of which part of each full working day is actually available for 
patient treatment (potential contact hours). 
Table 6.1 Structure of calculation of manpower potential. 
Calculation of the number of actual working days per year 
Concept Less... 
Year (=365 days) 
weekends, (public) holidays 
Potential working days 
sick leave, postgraduate training, courses, etc. 
Actual working days 
Calculation of the number of potential contact hours per day 
Concept 
Full working day (= 8 hours) 
Chair hours 
Potential contact hours 
Less... 
administrative work, technical work, meetings 
patient does not show up 
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For someone working full-time as a general practitioner, the annual labour supply can 
now be established by multiplying the number of actual working days by the number of 
potential contact hours. Of course, not every dentist or dental hygiënist works full-time. 
This has been included in the supply model by the introduction in each separate group 
(specified in terms of age, gender and work environment) of a variable stating the ex-
tent to which the average dentist or dental hygiënist in that group works full-time. 
Supposing, for instance, that male dentists in the 50-54 year age group work on average 
for 85% of the time and the number of potential contact hours for a full-time dentist is 
1200, then the number of potential contact hours per dentist in this group would be 
1020. 
For dentists and dental hygienists working in environments other than general prac-
tices the calculation is basically the same, be it that those working in education in par-
ticular devote a far smaller proportion of their time to patient treatment. This is ex-
pressed in the calculations by a far lower estimate of their work potential. (It is estimat-
ed, for instance, that dentists working at universities spend an average of 0.1 FTEs on 
patient treatment.) 
The figures required for the calculation procedure described above have been esti-
mated on the basis of a large number of sources. Most important were the reports on the 
"Panel Onderzoek" no 12 and 13 of the Dutch Dental Association (by Bruers et al. 
(1988) and Bruers, van Rossum (1992) respectively). Other main sources, especially re-
lated to the gender work potential, are Stuiver et al. (1987) and Van Doorn (1980). In 
some cases information with regard to a number of parameters is absent or incomplete. 
This applies, for instance, to the amount of time female dentists work as compared to 
their male colleagues. In such cases, data were used obtained in research abroad, mainly 
pertaining to the U.S. Table 6.2 shows the end result of the calculations. 
Table 6.2 Number of potential contact hours of dentists and dental hygienists per year, subdivided 
according to general practice, university and 'other' work environments. 
<25 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70 + 
Dentist 
gp 
1248 
1248 
1294 
1393 
1360 
1360 
1255 
1255 
1082 
806 
491 
male 
univ 
108 
108 
112 
114 
113 
113 
110 
109 
105 
0 
0 
other 
860 
860 
888 
907 
903 
899 
869 
865 
830 
0 
0 
9P 
953 
953 
909 
961 
1088 
1088 
1061 
1056 
955 
466 
230 
female 
unlv 
78 
78 
80 
85 
86 
85 
83 
82 
77 
0 
0 
other 
624 
624 
635 
672 
678 
675 
655 
649 
623 
0 
0 
Dental Hygienist 
Φ 
1013 
1013 
1060 
1146 
1119 
1119 
1027 
1027 
879 
539 
307 
male 
unlv 
87 
87 
91 
92 
92 
92 
89 
88 
84 
0 
0 
other 
699 
699 
728 
748 
745 
741 
713 
710 
675 
0 
0 
gp 
767 
767 
742 
790 
896 
896 
869 
865 
775 
310 
154 
female 
unlv 
79 
79 
76 
81 
92 
92 
89 
88 
79 
0 
0 
other 
630 
630 
607 
644 
745 
741 
717 
710 
633 
0 
0 
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6.4.2.3 Parameters concerning the unemployed 
With regard to the section of the submodel concerning the unemployed two main pro-
cesses had to be validated: the maximum duration of unemployment and the migration 
patterns. The maximum duration of unemployment is not known from literature. What 
is known is: the number of dental students graduating (Ministry of Education and 
Science), the number of unemployed dentists registered at the employment exchanges 
(Ministry of Social Affairs and Unemployment) and the number of dentists applying for 
a GHI-certificate in order to go and work abroad (Ministry of Public Health, Welfare 
and Sports). An estimate was made on the basis of these figures as to the percentage of 
unemployed dentists moving abroad and the maximum period for which people remain 
registered as unemployed dentists. This period appears to be approximately 3 years. 
This maximum period is however of limited significance in view of the high percentage 
of unemployed dentists moving abroad. This is illustrated by the table 6.3. 
Table 6.3 Fraction of unemployed dentists moving abroad. 
1984 through 1990 
years 
unemployed 
0 
1 
2 
male female 
0.40 0.20 
0.40 0.30 
0.45 0.30 
1991 throuqh 2020 
years 
unemployed 
0 
1 
2 
male female 
0.30 0.20 
0.35 0.25 
0.35 0.20 
Since unemployment was non-existent during the early eighties, no emigration of un-
employed dentists took place during that period. The same applies to dental hygienists. 
Unemployment among dental hygienists is negligible, which means that it is impossible 
to estimate either the number of unemployed dental hygienists emigrating or the maxi-
mum duration of unemployment. The maximum duration of unemployment for dental 
hygienists was, therefore, arbitrarily assumed to be 2 years and the percentage of un-
employed emigrating to be 0. (These assumptions are significant only for those policy 
experiments in which dental hygienists are affected by unemployment.) 
Little is known about the immigration of unemployed dentists or dental hygienists 
into the Netherlands. For this reason, no such immigration is assumed to take place. 
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The treatment model 
7.1 Introduction: the treatment model within the 
model as a whole 
The treatment model occupies a central position. Data on the oral status of the different 
population cells are provided from the pathology submodels. The supply model pro-
vides the number of hours available for the treatment of patients by dentists and dental 
hygienists. On the basis of this information, the treatment model calculates the number 
of treatments performed for each cell and by either professional group in any given 
year. In addition, a number of more or less administrative tasks are performed in this 
model, such as the summation of various types of costs of dental services, the calcula-
tion of degrees of capacity utilization for dentists and dental hygienists, etc. 
The treatment model differs considerably from the other submodels in one respect: 
state variables do not occupy a central place in this submodel. The task of the treatment 
model is to quantify forms of treatment which result in changes in state variables in the 
other submodels. Thus, the number of restorations, for instance, affects the number of 
decayed teeth whereas the number of complete dentures manufactured will result in 
changes in the number of edentulous people. The fact that state variables do not play a 
pivotal role in the treatment model, implies that the model has not been constructed 
with the aim of deducing the number of certain types of treatment in one year from the 
number of such types in the previous year. Such an approach, more or less based on 
correlations, was rejected in favour of a more content-oriented approach in terms of 
causal relationships. Taking the 'full denture' treatment as an example, it readily be-
comes clear that the number of dentures made in one year is not determined by the 
number made in the previous year. Indeed, one might even say that if more dentures are 
made this year, fewer will be needed next year. It is of course true for some forms of 
treatment that one treatment is bound in the course of time to increase the probability of 
another. A restoration in one year, for instance, may well have to be followed by a re-
restoration a few years later. This is where the memory aspect that is so characteristic of 
state variables comes into play. However, it does not follow that treatment figures have 
to be treated as state variables. In this example the memory function is fulfilled by the 
state variables in the caries model. In that submodel score is kept of the number of re-
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stored teeth, which in turn will affect the number of re-restorations which take place 
later on. 
7.2 Conceptual model 
7.2.1 Types of treatment 
It is by no means possible to explicitly consider all possible treatments in the model. 
Therefore a choice needs to be made for treatments, or groups of treatments the model 
distinghuises. Three criteria were used to see whether a treatment was important 
enough to play an explicit roll in the model. These were the time spent on the treat-
ments, the money involved and the impact of the treatment on the state variables in the 
pathology model. Using these three criteria and the boundary condition that a maximum 
of 15 treatments could be distinghuised, the following selection of treatments was 
made: 
• monitoring (periodic check-ups) 
• oral hygiene instruction 
• fluoride application 
• fissure sealing 
• calculus removal 
• initial restorations (amalgam or composite, not including cast restorations) 
• re-restorations (amalgam or composite, not including cast restorations) 
• cast restoration (both initial and re-restoration) 
• extraction 
• complex periodontal treatment (perio-surgery and root-planing) 
• removable partial dentures and cast removable partial dentures 
• bridgework 
• full dentures 
• a mixed 'sundries' category incorporating the time and money spent on (or income 
derived from) all other forms of treatment not explicitly included in the model. This 
category has been formed in order to be able to balance the overall calculations of 
time spent on treatment, income of dentists and dental hygienists and expenditure on 
the part of patients and insurance companies. Among other things, it comprises X-
rays, orthodontics (insofar as this is done by general practitioners) and root canal 
treatment. This 'sundries' treatment category is not worked out for every population 
cell separately. 
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One should note that some treatments are actually a group of treatments, e.g. the 
restorative treatments, the complex periodontal treatment and the partial dentures. 
7.2.2 Factors which influence treatment application 
Three factors are to be distinguished here. In the first place the oral status as defined in 
the caries and periodontal models. With regard to each type of treatment a relationship 
is established between the oral status and the number of times such treatment is applied. 
This relationship, which is of a causal nature, is the basis of the treatment model: the 
need for treatment stems from the oral status of the population. 
Naturally, there are other factors besides oral status which determine how often a 
certain type of treatment is applied. These make up the second group of factors. The 
following factors have been included in the model: attendance frequency, the price (or 
fee) a patient has to pay for a treatment, degree of capacity utilization, quality of denti-
tion, and turnover per treatment type. All these five factors are of a modifying charac-
ter. This means that the relationship between oral status and treatment frequency is es-
tablished for one reference year. For that year the effect of the modifying factors is neu-
tral. If the value of a modifying factor changes in another year, this will result in a 
change in the frequency with which certain types of treatment are applied. If in one 
year, for instance, the patient's own financial contribution is lower than it was in the 
reference year, this will have a stimulating effect on the number of times the relevant 
treatments are applied. 
Three treatments, re-restorations, cast restorations and extractions, are considered to 
be in competition with each other. In the model, it is assumed that if one of these treat-
ments becomes more (or less) popular due to a change of its price, in the turnover per 
treatment or in the quality of dentition, this is partially compensated for by a decrease 
(or increase) of the other two treatments. 
The treatment undergone is specified for each population cell; in addition, each type 
of treatment is ascribed to one of the two professional groups performing it. This im-
plies that the third group of factors, both the classification factors regarding population 
(age, form of insurance and attendance) and regarding profession (dentist or dental hy-
giënist) play a significant role in the model. In concrete terms, this means that, for in-
stance, the relationship between the number of missing teeth and the fraction of people 
becoming edentulous in one year may differ from cell to cell; also, that the influence of 
capacity utilization of dental practices on the number of times a certain type of treat-
ment is performed may differ in any combination of a population cell and a type of 
treatment. Moreover, the relationship may also be different for types of treatment per-
formed by the dentist and those performed by the dental hygiënist. 
An outline of the treatment model is depicted in figure 7.1. 
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Calculation of number of treatments performed 
state variables 
at time t 
j-4 indication function 
I 
Indicator 
I 
L^ basic treatment fraction 
I 
Tentative number of treatments I f e e ( l ) j с а Р а ^ У util.(t-l), turnover(t-l), 
ι attendance frequency(t), qual. of dentition(t) 
1^ modifying factors compared to the reference year, 
| sensitivities for these factors 
t 
Number of treatments 
I 
I "bookkeeping", including calculation of 
I capacity utilization(t) and total costs(t) 
t 
state variables 
at time t+1 
The calculations are done for each cell in the population, 
for each treatment and for both professions separately 
Figure 7.1 Global calculation procedure of the treatment model. 
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7.3 Mathematical model 
7.3.1 Names of the variables and parameters 
The following list gives an overview of the principal variables and functions used in the 
formal description of the treatment model: 
The figure that shows how often a treatment occurs un-
der the reference level in a particular category. 
The parameter showing what percentage of the less oc-
curring treatments of the type 'from' are replaced by a 
treatment of the type 'to'. 
The additional number of treatments of the type 'to' 
carried out because less treatments of the type 'from' 
occur. 
The practice cost per FTE. 
The factor that corrects for inflation. 
The total number of FTEs worked in general practices 
in professional group pr. 
The total number of hours all professionals from group 
pr together want to spend on patient treatment per year 
under ideal circumstances. 
The total number of hours all professionals from group 
pr together actually spend on patient treatment in one 
year. 
The function that indicates how often a particular treat-
ment could be carried out, given a certain oral status, in 
population cell a, s, r. 
The average life-span of an amalgam restoration. 
The average life-span of a composite restoration. 
This variable includes the 4 state variables of the caries 
model (i is 1 up to and including 4) and the 4 state vari-
ables of the periodontal model (i is 5 up to and includ-
ing 8). 
The fees for the treatment concerned for patients in the 
indicated group. 
The part of the price of a treatment that has to be paid 
by the patient himself. This is a steering factor which is 
also referred to as Sj. 
An over-all measure for the oral health of the indicated 
population cell. This is a steering factor which is also 
referred to as s4. 
The net practice turnover per FTE related to the net 
practice turnover in the reference year. This steering 
factor is also referred to as s2. 
BasicTrFrac[ac,s,r,tr,pr] 
CompParam[to,from] 
CompTreatm[to,from] 
CostFteRatiotpr] 
Cumlnflation 
FTEAvailable[pr,gp] 
HoursAvailable[pr] 
Hours Workedfpr] 
KeyNumber[tr,OralState] 
LifeOfRestAmal 
LifeOfRestComp 
OralState[ac,s,r,i] 
PriceTr[ac,s,r,tr,pr] 
PrivPay [ac,s,r,tr,pr] 
Quallndex[ac,s,r] 
RelNetTurnover[pr] 
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Time[ac,tr,pr] : The average time spent on a treatment tr by a profes­
sional pr. Different times are possible for different age 
groups. 
TreatmentsDone[ac,s,r,tr,pr] : The number of times treatment tr is actually carried out 
by professional pr in the indicated population cell. 
TurnoverFteRatioRef[RefYear,pr] : The average turnover per FTE in the reference 
year. 
Utillevel[pr] : The average capacity utilization degree in the profes­
sional group concerned. This steering factor on the 
number of treatments is also referred to as s3. 
VisitFreq[a,s,r] : The attendance frequency in the population cells indi­
cated by a, s, and r; as a steering factor also referred to 
ass5. 
7.3.2 Calculation of the number of treatments 
In section 7.2, the concepts used to calculate for each treatment the frequency of appli­
cation, have been discussed. In general terms, the approach can be summarized by the 
following equation: 
TreatmentsDone[ac,s,r,tr,pr](t) = CountVisit[a,s,r](t) χ KeyNumber[tr,OralState[ac,s,r,i](t)] χ 
BasicTrFrac[ac,s,r,tr,pr] χ F i í s ^ ^ s ^ S j ) 
This equation includes all the indices that indicate the cell of the population concerned, 
the treatment concerned, etc. In the formulas below, all obvious indices will be omitted 
for the sake of readability. 
CountVisit just representing the number of people concerned, the more crucial vari-
ables are Key Number, BasisTrFrac and F,. As BasicTrFrac is a constant for each com-
bination of population category, treatment and supplier of the treatment, this variable 
can be estimated easily if the values of the other variables are all known for a certain 
year. In the description of the validation of the treatment model, in section 7.4.2, this 
will be discussed further. Now attention will be focused on the KeyNumber variable 
and the function F,. 
7.3.3 Construction of the KeyNumber function 
The KeyNumber function describes the relation between a particular oral status in a 
population cell and the number of dental treatments. For each treatment this relation is 
different. The relations below are based on estimates and cannot yet be proved as 
theoretical knowledge on the relationship between a particular oral status and the 
incidence of a particular treatment on a population level is limited. For the construction 
of the KeyNumber function use was made of a number of simple functions such as 
quadratic functions and logistic functions, which have the following form: 
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logist(min,max,sens,med,x]) = nun + ; — 
j+g-sensCx-med) 
This function has already been used to construct the steering factors in the other sub­
models. The construction of the Key Number function is discussed individually for each 
treatment. 
Dental check-ups 
In principle, every person qualifies for a regular dental check-up; the keynumber for 
this treatment, therefore, is equal to 1. 
Check-up keynumber : 1 
Oral hygiene instruction 
In this instance, the starting point is that all people with gingivitis (gum inflammation) 
qualify for oral hygiene instruction. For the remaining group the probability that they 
will qualify for oral hygiene instruction increases as the number of decayed teeth in­
creases. 
Oral hygiene keynumber : (1-х) + χ χ 
1+е'1-'(У"3) 
In this formula, χ represents the fraction of the population without gingivitis and у the 
number of decayed teeth. 
Figure 7.2 Graphical representation of Keynumber for Oral hygiene instruction. 
Fluoride application and fissure sealing (sealant) 
The starting point for the construction of this keynumber was the premise that the more 
sound and healthy teeth there are and the fewer decayed teeth, the more probable an in­
dication for a sealant or fluoride application. In the keynumber this is expressed in a de­
creasing keynumber value as the DMF-T number increases. The DMF-T number stands 
for the number of decayed, missing and filled teeth per person. 
Fluoride applications and sealants keynumber: ' 
1+e ' -5(χ-") 
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Here, χ is the sum of the number of decayed, filled and missing teeth (DMF-T). 
keynumber 
0.51 
12 14 
DMF-T 
Figure 7.3 Graphical representation of Keynumber for Fluoride applications and for Sealants. 
Removal of calculus 
Every person with calculus qualifies for the removal of calculus. 
Removal of calculus keynumber: fraction of the population with calculus 
Initial restoration (amalgam and composite) 
In principle, every decayed tooth qualifies for amalgam or composite restoration. 
Amalgam and composite restoration keynumber: number of decayed teeth 
Re-restoration (both amalgam and composite) 
The number of re-restorations depends on the life-span of a restoration (LifeOfRest, 
which is an weighted average of LifeOfRestAmal and LifeOfRestComp) and on the 
number of missing restorations. In reality, the number of re-restorations depends on the 
number of restorations applied LifeOfRest years previously. As these figures are not 
available for the model the function is approximated by the following formula: 
Amalgam and composite re-restorations keynumber: # restored teeth 
LifeOfRest 
Complex (cast) restoration 
The keynumber for cast restorations depends on the number of both filled and decayed 
teeth. This has been modelled into the following function: 
. , ч - ,
 L 0.1 4 
Complex (cast) restoration keynumber: -— Q 4 , .-. x-—_2( .. 
In this function, χ is the number of filled teeth, y the number of decayed teeth. 
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# decayed 
teeth 
# filled 
teeth 
Figure 7.4 Graphical representation of Keynumber for Complex (cast) restoration. 
Extraction 
In the younger age groups the number of extractions carried out for orthodontic reasons 
is calculated as a percentage of the population. For the other extractions a relation is as­
sumed between the number of teeth already extracted and the number of extractions. It 
should be taken into account, however, that decayed teeth are extracted far more often 
than filled teeth. 
Extractions keynumber: : 
3
 1че-0.2(х-10) 
In this function, χ represents the number of missing teeth, 
keynumber 
20 25 
# missing teeth 
Figure 7.5 Graphical representation of Keynumber for Extraction. 
Periodontal surgery and scaling 
In the model, the number of periodontal surgical treatments is directly proportional to 
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the number of deep pockets. Scaling or root planing are also performed on people with 
shallow tooth pockets. In the model this group is taken together with the group of peo­
ple with gingivitis. The function, therefore, assumes a relation between the fraction of 
the population with gingivitis and/or shallow pockets and the number of times scaling 
or root planing is performed. 
Scaling keynumber: 0.2 + 0.8 y 
1+e-0.8(x-12) 
In this function, χ represents the fraction of the population with gingivitis (and/or shal­
low pockets) and y the number of deep pockets. 
j #deep 
pockets 
frac, with gingivitis 0.8 
Figure 7.6 Graphical representation of Keynumber for Periodontal surgery and scaling. 
Removable partial dentures 
keynumber 
0.4 
20 25 
# missing teeth 
Figure 7.7 Graphical representation of Keynumber for Removable partial dentures. 
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For removable partial dentures a relationship is assumed between the number of treat­
ments and the number of missing teeth. 
0.2 PD/Frame key number: if x<22 then: 
ifx>22then: 
l4e(x-22) 
0.2 
• 0.00248x2 + О.ООбЗбх - 0.2 
1че(х-22) 
In this function, χ represents the number of missing teeth. 
Bridgework 
For bridgework the keynumber function depends only on the number of missing teeth. 
Bridge keynumber: if x<9 then: 
ifx>9then: 
0.38 
l4e0.2(x-14) 
0.38 
•0.0012x2 + 0.0315x- 0.186 
l4e0.2(x-14) 
In this function, χ represents the number of missing teeth, 
keynumber 
20 25 
# missing teeth 
Figure 7.8 Graphical representation of Keynumber for Bridgework. 
Full dentures for dentates 
For full dentures for dentates the keynumber function increases with the number of 
missing teeth. 
Full dentures keynumber: „ , .„ 
I4e0.4(x-10) 
In this function, χ represents the number of missing teeth. 
0.05 
139 
The treatment model 
keynumber 
0.05 
10 15 20 25 
# missing teeth 
Figure 7.9 Graphical representation of Keynumber for Full dentures for dentates. 
7.3.4 Steering factors 
In this section the modelling of factors, other then already accounted for by Key Num­
ber and CountVisit, is discussed. These factors are referred to as the steering factors. 
Before explaining how these steering factors influence the calculation of the number of 
treatments done, it will be briefly shown how these factors themselves are calculated. 
• The attendance frequency as calculated in the attendance model can be introduced 
directly into the treatment model. 
• The private contribution is a parameter that is given for each year. It can be differ­
ent for each population cell and each treatment. 
• The measure for oral health is made up of the state variables from the pathology 
models. The higher the value of the variable Quallndex, the worse the quality of 
dentition. For an exact definition, see section 5.2.3.7. 
• The calculation of the relative net turnover per FTE in the treatment model can be 
described as follows. Let TotVolumefpr] be the total of care delivered (in NLG): 
TotVoIumefpr] = V TreatmentsDone[ac,s,r,tr,pr] χ PriceTr[ac,s,r,rr,pr] 
Then the relative net turnover is given by the following function: 
RelNetTumoverfpr] = - TotVolume[pr] - CostFteRatio[pr] - x Cumlnflation 
FTEAvailable[pr,GP] χ TumoverFteRatioRef[1986,pr] 
TumoverFteRatioRef(RefYear,pr) can be determined here by working out the for­
mula above for the reference year. The relative turnover per FTE is subsequently 
corrected for inflation. 
The formula for the capacity utilization degree is: 
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U t i l l e v e l [ p r ] = H 0 U r s W 0 r k e d [ P r ] 
HoursAvailable[pr] 
The variable HoursAvailable(pr) is taken from the supply model. The number of 
hours actually spent on patient treatment is calculated as follows: 
HoursWorked(pr) = V TreatmentsDone(ac,s,r,tr,pr) x Time(ac,tr,pr) 
For the steering factors capacity utilization degree and relative net turnover (RelNet-
Turnover) the values for the previous year are used to determine the number of treat­
ments. This is because these steering factors are based on the number of treatments; 
figures not known yet for the current year. 
7.3.4.1 Processing of the steering factors 
In section 7.3.2 the effect of the steering factors is described as a function with five 
variables F1(Si,s2,S3,S4,s5). This function is to be estimated during the validation. As 
there are no fewer than five variables it is quite difficult to portray this process. This al­
ready becomes apparent if the function F, is limited to only two steering factors, e.g., 
the private contribution and the capacity utilization degree. An example of a relation 
between these two factors and the fraction of cavities that are filled could be 
represented by the following graph. The 'neutral' value for the basic treatment fraction 
of both the private contribution (on the left-hand axis) and the capacity utilization 
degree (on the right-hand axis) is 1. The vertical axis shows the increase or decrease in 
the number of treatments resulting from variations in the two steering factors. 
Priv- 1 
contribution ι·Δ 
1.4" 
Figure 7.10 Example for modelling steering factors. 
As only two factors are involved here, it is still possible to represent the relation in a 
quasi three-dimensional graph. A graphical display of the function is no longer possible 
if there are more factors. The only remaining possibility is to represent the function as a 
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formula. However, this too soon becomes quite complex. The function representing the 
surface in the graph above is as follows (F, is the fraction of teeth that are filled, 
PrivPay is a measure for the private contribution and UD is a measure for the capacity 
utilization degree): 
It is evident that more extensive versions of such a formula will become so complicated 
that they can only be understood by those involved in constructing them. This fact, to-
gether with the fact that it is not possible to display the function graphically, is why it 
became necessary to opt for a different approach. 
In order to avoid these problems, an approach has been chosen that, on the one hand, 
does not unnecessarily limit the total number of options such a function offers (in other 
words, an approach that contains a minimal number of fixed assumptions) and, on the 
other hand, is structured in such a way that it provides an insight into the construction 
of relations that determine the relation between the steering factors and the number of 
performed treatments. Two ideas play a role here. The first is to split up a single func-
tion with five variables into five functions with only one variable. The second is to 
work with standardized deviations that are compared to a reference level. 
7.3.4.2 Splitting up of the steering factor 
One of the consequences of splitting up the function F¡ (s, ,S2,s3,s4,s5) into five functions 
with one variable is that this limits choices with regard to modelling the effect of the 
steering factors. No matter how this division is carried out (this will be dealt with in 
more detail later on), it is always possible to construct situations that can be explained 
by one function with five variables but not by five functions each with one variable. 
Although it is not easy to assess the precise consequences of these limitations, is was 
decided that the remaining choices should be sufficient to construct an adequate model. 
Moreover, given the limited scientific knowledge regarding the simultaneous effect of 
various steering factors on the number of treatments to be performed, it was considered 
unlikely that splitting up the effect of these factors will lead to any problems. After it 
has been split up the function F, can be formulated as follows: 
F1(s1,S2,S3,S4,S5) = f1(s1)xf2(S2)X...xf5(S5) (1) 
In this instance, the five factors are multiplied together. However, this is not the only 
possibility - it is quite feasible to construct a relation that involves adding the functions 
together, or even to create a mixed form involving addition and multiplication. 
F ^ s j ^ ^ s ^ s j ) = f ι (s ! ) + f2(s2) +... + f5(s5) (2) 
or: 
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F,(si,S2,S3,S4,s5) = t f ι (s ! ) + f2(s2) ] x f3(s3) x ...xf5(s5) (3) 
It has been decided to base the model on the first possibility here, assuming that the five 
factors are mutually independent. 
7.3.4.3 Construction of the steering factors: modelling or 
validation? 
As holds for all relations in the model, the steering factors describing the effect of five 
modifying factors on the application of treatments, should be validated from empirical 
data. Unfortunately these data are very sparse. Relations like the influence of an over­
load of a dental practice on the pattern of treatments applied are not very suitable for 
scientific experiments. As a result of this, information on this type of relations one of­
ten depends on natural experiments. Results from these experiments are rather uncom­
mon, fragmentary and susceptible to confounding. The relation between the price a pa­
tient has to pay for a treatment and its application is a positive exception. On this rela­
tion a body of literature has been published, including publications on the quantification 
of this relation (e.g., Phelps and Newhouse, 1974; Manning et al., 1985; Conrad et al., 
1985). Unfortunately, this literature is rather contradictory. Large differences with re­
spect to the sensitivity of the application of a treatment for a change in its price can be 
found (Steketee, 1987). So for all steering factors one must conclude that a formal vali­
dation process is not feasible. Yet, the nature of these relations is too important to allow 
omitting them from the model. Therefore, it was decided to base the quantification of 
these relations on common sense, using the scenario committee as an informal Delphi 
panel. 
Both the absence of empirical data and the fact that the relations were to be quanti­
fied in co-operation with the scenario committee were arguments to keep the quantifi­
cation as simple as possible. The first decision made to achieve this goal, was to make 
use of reference levels. This means that for each of the five steering factors a reference 
value is introduced, which is the value of that factor in the reference year (1986). In the 
reference year all steering functions have a value of 1. The value of the function f ¡ is de-
termined by the extent to which its argument (s¡) deviates from its value in the reference 
year, expressed as percentage. Defined in this way all steering functions are dimension-
less, which makes them mutual comparable. It also simplifies a discussion on the actual 
form of a steering factor. This can be illustrated by an example. 
Consider the case in which the relation between the practice turnover and the number of restora-
tions made has to be quantified. If this relation was described in absolute terms one should an-
swer a question like "If the practice turnover would drop from NLG 300 000 to NLG 270 000, 
what difference will occur in the number of restorations made?" Using the dimensionless ap-
proach based on a reference value the equivalent question would be "If the practice turnover 
would drop 10%, with what percentage will the number of restorations change?" Although both 
questions essentially ask for the same information, the second one is less difficult to answer. 
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The second decision made to keep the modelling of steering factors as simple as possi-
ble was to group treatments as much as possible. For all steering factors the treatments 
were first divided in those being promoted by that factor and those being reduced. Next, 
they were ordered by their sensitivity for the factor considered. Treatments with more 
or less the same sensitivity were grouped together. This contributes both to a reduction 
of the number of relations to be formalized and to the avoidance of an unduly compli-
cated model in the absence of sufficient empirical data. 
7.3.4.4 Form of the steering factors 
In this section the result is given of the procedure described in the preceding section for 
constructing a quantative relation for the steering factors. For all steering factors both a 
graphical representation as well as the mathematical equation is given. 
Private contribution 
To assess the sensitivity to the private contribution a number of treatment groups are 
considered together. Treatments in one group are assumed to show the same sensitivity 
to a relative change in the private contribution. For instance, the application of a re-
restoration will show the same reduction (expressed as a percentage) as a result of a 
10% increase in private contribution, as the application of sealants will do. The graphs 
below show the steering factors belonging to the different groups. For the group con-
sisting of the treatments cast restorations, bridges and removable partial dentures the 
graph shows the steering function of cast restorations at the reference price 
(NLG 583.05). For the other groups the steering function is shown at a reference price 
of NLG 100. As the reference price will not be NLG 100 in reality, it must subsequent-
ly be scaled to the actual reference price. 
f l =
 1^0.002(5 ,+389.91) f ' = ° ' 5 +
 1+e0.01(s,-100) 
Figure 7.11 Graphical representation of the steering factor for private contribution for cast restora-
tion, bridgework and PD/Frame (left), and for plast, rest/rerest., sealant, hygiene instruc. 
and fluoride application (right). 
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Graphical representation of the steenng factor for private contribution for extraction and 
full denture (left), and for periodic check-ups (right) 
Turnover per dental practice 
In the event of a decreasing net turnover per FTE the dentist may respond. For example, 
by performing certain treatments more often in order to increase the practice turnover. 
The model uses a relative net practice turnover. This means that the net practice 
turnover is indexed to the net turnover in the reference year. In that year, therefore, the 
net practice turnover has a value of 1. It is assumed that compensation does not take 
place by increasing the number of extractions, full dentures and periodic check-ups 
(f 2=1). Compensation does not take place either if the net practice turnover exceeds that 
of the reference year (f2=l if s2^l). The function f2 can now be represented as follows: 
08 08 
f2 = 0 6 + 
1 + e125(s -1) (S2<D f2 = 0 6 + 
1 1 
<2 
105 
1^06(5 -1) ( s 2 < l ) 
0 95 
09 1 11 12 
rel net pract turnover 
06 07 08 09 1 11 12 
rei net pract turnover 
Figure 7 13 Graphical representation of the steenng factor for relative net practice turnover for 
PD/Frame, cast rest, rerest and bndgework (left), and for all other treatments but 
extractions, full dentures and periodic check-ups (right) 
The basic assumption here is that the treatments removable partial dentures, cast 
restoration, bndgework and re-restorations are more susceptible to corrective compen­
sation than the other dental treatments in the model. 
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Capacity utilization degree 
An overload of work may force the dentist/dental hygiënist to perform certain treat-
ments less often, to perform them quicker, or to postpone them. Conversely, in the 
event of an underload, the reaction may be to perform certain treatments more often or 
sooner. This response will vary per treatment. In the event of overloading it may be that 
a dentist cannot perform a particular treatment for lack of time and has to resort to less 
time-consuming treatments such as extractions. In case of underloading, on the other 
hand, time will be available to perform certain less urgent treatments sooner. The func-
tion f3 can now be represented as follows: 
f3 = 0.6 + 
0.8 
ч -
1.2 
4 
1.1 
0.9 
•
 1 + e-0.3(s 3-l) f 3 = 0 . 6 + 
1.21 
1.1 
0.9 
0.8 
l+e-O.Ó^-l) 
0.8 1.2 1.4 
cap. util. 
0.8 1.2 1.4 
cap. util. 
Figure 7.14 Graphical representation of the steering factor for capacity utilization for extraction and 
full dentures, for youth (<18 year) (left), and for adults (>18 year) (right). 
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Figure 7.15 Graphical representation of the steering factor for capacity utilization for rerest., hyg. 
instr., cale, rem., fluoride appi, (left), and for all other treatments (right). 
Quality of dentition 
The 'quality of dentition' affects a number of treatments. (For a full definition of the 
variable 'quality of dentition' see section 5.2.3.7. Please recall that a higher value of 
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this variable indicates a worse dentition.) It is assumed that the better the quality of a 
dentition is, the less likely extractions or full dentures become and the sooner a crown 
or a bridge will be opted for. For this variable, too, the model uses a measure for the 
quality of dentition that is indexed to the reference year. This means that the 'quality of 
dentition' in that year has a value of 1. The steering effect of this variable has been 
formalized in the following functions: 
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Figure 7.16 Graphical representation of the steering factor for the 'quality of dentition' for 
extraction and full denture (left), and for cast restoration and bridgework (right). 
The other treatments are assumed not to be influenced by the 'quality of dentition'; for 
these treatments holds: f4=l. 
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Figure 7.17 Graphical representation of the steering factor for the attendance frequency for periodic 
check-ups (left), and for hyg. instruction, cale, removal and plast. rest, (right). 
The treatments dental check-up, oral hygiene instruction, the removal of calculus and 
amalgam and composite restorations are the only ones in the model that are susceptible 
to changes in the attendance frequency. The other treatments are performed at a fre-
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quency much lower than the attendance frequency. Thus if any decrease in the atten­
dance frequency is not too excessive, this will not have any consequences for these 
other treatments as the attendance frequency will still be high enough for these treat­
ments to be performed during the remaining visits. The treatments periodic check-up, 
oral hygiene instruction, removal of calculus and simple restorations are linked to the 
deviations in the attendance frequency in the reference year as follows: 
7.3.5 Competing treatments 
The treatments restorations, re-restorations, extractions and cast restorations are con­
sidered to compete with one another. This means that if one treatment is performed less 
often due to certain changes in the steering factors, its application can be replaced by 
another treatment from this group. Conversely, if a particular treatment is diagnosed 
more often and, therefore, is performed more often, this can affect other treatments 
which will then be carried out less often. For instance, if non-cast restorations are more 
expensive than in the reference year, this will not only reduce the number of restora­
tions made. As a result of the fact that cast restoration now can compete better, they 
will absorb a part of the reduction in the non-cast restorations. If the variable Comp-
Treatm[to,from] determines which fraction of the reduction or surplus of performing a 
treatment indicated by 'from' is compensated for by the treatment indicated by 'to', this 
can be represented in a formula as follows: 
CompTreatm[to,from] = CompParam[to,from] χ (1-F](sj,$2,53,54,55)) x KeyNumber χ 
BasicTrFrac χ PopByVisit 
As a result, the modification of the number of treatments done for these three treat­
ments is given by: 
TreatmentsDone[ac,s,r,tr,pr] := TreatmentsDone[ac,s,r,tr,pr] + ¿^ CompTreatm[tr,TrTemp] 
TrTemp 
7.4 Validation 
It is obvious from the description that the treatment model is a comprehensive part of 
the total model. This makes its validation a time-consuming task. Validation is being 
made even more difficult by the fact that a large part of the necessary data are not 
available or is not subdivided into subcategories in the same (detailed) way as in the 
model. This section describes the construction of the verification figures, summarizes 
the calculated parameters and includes a comparison between the model results and the 
verification figures. 
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7.4.1 Verification figures 
In contrast to the other models (which used a set of verification figures from 1980 on­
wards) a set of data from 1986 up to and including 1991 was compiled for this model. 
This was necessary because the National Health Insurance statistics for the years 1980 
and 1981 are not reliable (the data for 1980 and 1981 are mixed up). Moreover, no data 
are available for 1985 and 1986. An advantage of starting the verification figures in 
1986 is that information regarding the oral status of the adult population is very com­
plete for that year (use was made of secondary analyses of data from the dental exami­
nation of the population in 1986, the so-called LEOT report, Truin et al., 1987). As oral 
status plays a crucial role in determining the basic treatment fractions, it has been de­
cided to validate the treatment model from 1986 onwards. This also implies that the 
reference year for the steering functions is 1986. 
The National Health Insurance statistics give the numbers of treatments for those 
services that are covered by the National Health Insurance, subdivided into young regu­
lar attenders (up to and including the 18-year-olds), adults with a dental record card 
(adult regular attenders), and adults starting to attend regularly. The fees and the private 
contributions for these treatments are also known for each year, as well as the fees for 
privately insured patients (the UPT-fees). No representative data are available regarding 
dental treatments performed on adults in the private sector. These are the treatments not 
included in the National Health Insurance package for adults and therefore paid for by 
the patients themselves (for instance treatments such as bridges and crowns). However, 
the LEOT survey (Truin et al., 1987) does provide data regarding the prevalence of 
crowns, in- and onlays and bridges among different population groups (National Health 
Insurance patients and privately insured patients). Partly on the basis of these data esti­
mates have been made on the number of dental treatments per year. 
No recent figures on the numbers of treatments carried out on privately insured pa­
tients are available. This means that it is not possible to compare the simulation results 
of this category with a full set of verification figures. However, figures are available for 
the total amount of money spent on dental care. Also a comparison can be made be­
tween the amount of time needed for the number of generated dental treatments and the 
amount of treatment time available according to the data from the supply model. 
7.4.2 Basic calculations regarding the number of treatments 
The number of treatments in 1986 was determined as follows. Figures on the numbers 
of treatments carried out on National Health Insurance patients in one year are available 
for most treatments. Suppose a particular treatment was performed Ρ times on adult Na­
tional Health Insurance patients with a dental record card (corresponds to regular dental 
attenders from socio-economic category 1). In the model this category is subdivided 
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further into four age groups (19-29, 30-44, 45-64, and 65+). For each of these cate-
gories the KeyNumber can be calculated, given the oral status of the group. Multiplica-
tion together with the number of people in the group concerned gives a figure: N¡ 
(i=l,..,4). Now the calculation of BasicTrFrac is trivial: 
r, · г ^ Ρ BasicTrFrac = — 
Ni 
This procedure can be used for all treatments covered by the National Health Insurance. 
For young people up to and including 18 with a dental record card this involves almost 
all treatments (the TJZ package). For adults with a dental record card this concerns 
most, but not all treatments included in the model. For adults without a dental record 
card the package is more limited still. The basic treatment fractions for these treatments 
can be estimated fairly adequately. The basic treatment fractions of privately insured 
patients are assumed to be the same for these treatments, with the exception of those 
treatments closely linked to the attendance frequency. Such treatments are assumed to 
have a slightly lower basic treatment fraction because the attendance frequency of pri­
vately insured patients is also slightly lower. 
This procedure cannot be directly applied to those treatments not covered by the Na­
tional Health Insurance. Based on the prevalence of in- and onlays, crowns and bridges, 
the annual number of treatments can be roughly estimated. Treatment data from the 
IZA/IZR [private insurances] were also used to estimate the number of treatments per 
year. Then the basic treatment fraction can be calculated as described above. For these 
treatments the basic treatment fraction for privately insured patients is higher than for 
National Health patients due to differences in disposable income. For these exact results 
of these calculations one is referred to the STG report 'Future Scenarios Dental Health 
Care; An Exploration of the 1990-2020 Period', page 284-288 (Bronkhorst, 1993). 
For the years after 1986, the number of dental treatments is calculated as the product 
of the keynumber, the number of people, the basic treatment fraction and the steering 
functions. However, for some treatments, it seems to be the case that they are influ­
enced by factors other then those incorporated in the model. In the years from 1987 
through 1990 sealants, for instance, developed as follows for regular dental attendere 
under 19 covered by the National Health Insurance (TJZ). See table 7.1. 
Table 7.1 Number of fissure sealings (sealants) performed on young National Health patients in 
the period 1987-1990 (Source: Commissie Tandheelkundige Statistiek [Committee for 
Dental Statistics]). 
19Θ7 
1988 
1989 
1990 
sealants 
324370 
344452 
400107 
461030 
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The table shows that the number of sealants is increasing rather sharply. However, this 
rise cannot be explained from the steering factors. This is why the basic treatment frac-
tion for this treatment has been raised slightly over the years. The basic treatment frac-
tion of those treatments tending to vary extremely over the years (and in which this 
cannot be explained from the steering factors) is changed slightly from year to year. 
7.4.2.1 Amalgam and composite restorations and re-restorations 
The calculation as described above cannot be applied directly to some of the treatments. 
For example, initial amalgam and composite restorations and re-restorations are not 
represented separately in the National Health statistics. Yet the model has to make this 
distinction. In principle, it is possible to estimate this subdivision if the average actual 
life-span of a dental restoration is known. Considerable research has been done into the 
maximum life-span of restorations, but data on the actual life-span are not readily avail-
able. These data, as far as there are available, have been combined with data regarding 
the incidence of new cavities and the restoration degree of the population. As this 
restoration degree (fraction of decayed or restored teeth being restored) of the popula-
tion is high, a large proportion of all new cavities must be filled. This implies that of all 
restorations only a limited number are left for re-restoration. All in all, this resulted in 
an estimate of the average life-span of amalgam and composite restorations (in 1986) of 
9.6 years. 
7.4.2.2 Full dentures 
The determination of the number of full dentures for dentates also required a number of 
additional calculations. The statistics do not distinguish between dentures for dentates 
(people with a natural dentition) and dentures for edentates (toothless people), yet such 
a distinction is required for the model. 
To be able to subdivide the figure in the statistics, the number of replacement den-
tures for edentates had to determined first. This number could be estimated on the basis 
of information on the life-span of full dentures from the LEOT report (over 20 years) 
and by using historic data (from 1965 onwards) regarding the development of the num-
ber of edentulous. The number of dentures left after these figures have been deducted 
from the total number of dentures, was the number of dentures made for dentates. This 
figure includes dentures for the upper jaw, the lower jaw and both jaws. To be able to 
deduce the ultimate number of new edentates from this figure, it still had to be deter-
mined how many of these dentures involve new edentates (i.e., extractions leading to 
complete toothlessness). 
Not all dentures that are made for dentates immediately result in the patient becom-
ing completely toothless. Often there is a period of several years between the moment 
at which the first jaw (usually the upper jaw) is fitted with a full denture and the mo-
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ment this is done for the other jaw. According to data from the LEOT-survey this peri-
od amounts on average to two to three years. These data also show that 73% of eden-
tates received dentures for the upper and the lower jaws simultaneously (Visser et al., 
1988). Based on these data it was possible to estimate the fraction of dentures resulting 
in a 'new' edentate; this fraction will increase with age. The results of these (fairly 
complicated) calculations correspond well with the CBS data regarding the percentages 
of edentates in the different population categories. 
7.4.3 The proportion of various treatments carried out by 
dental hygiéniste 
The model generates the treatments performed by dentists and dental hygienists sepa-
rately. However, it is not easy to find this distinction in the statistics of the National 
Health Insurance. Data are only available for fluoride applications (which have a differ-
ent tariff) but there is doubt about the reliability of these data. Based on data available 
concerning the time allocation of dental hygienists (Bergmans, 1990; Commissie Tand-
heelkundige Statistiek; Gruythuyzen, 1986; van der Sanden, 1980) an estimate was 
made of the share dental hygienists have of the treatments they are allowed to perform. 
Apart from the fact that these data are incomplete, they do not accurately indicate how 
the proportion of treatments carried out by dental hygienists increases as more dental 
hygienists enter the market (which has been the case in the past few years). The model 
does contain a function which automatically increases the proportion of treatments car-
ried out by dental hygienists as their numbers increase. This function prevents the ca-
pacity utilization degree of dental hygienists from falling as their numbers increase by 
increasing the amount of work. 
7.4.4 Treatment times 
An aspect of the validation that seemed quite simple at first sight, namely determining 
the average amount of time required to perform different treatments, turned out to pose 
several problems. Surveys have been published giving (standard) treatment times, but 
these times tend to vary significantly (e.g. Heloe, 1973; Lotzar et al., 1971; Johansen et 
al., 1973; Advocaat, 1985; Bellini, 1974 and Douglas et al., 1984). All these treatment 
times turned out to be fairly high. A comparison between the number of hours dentists 
and dental hygienists have available for patient treatment and the number of hours re-
quired according to the National Health Insurance statistics (the number of treatments 
multiplied by the treatment time) yields the results as displayed in table 7.2: 
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Table 7.2 Calculation of the required treatment time on the basis of the number of treatments car­
ried out (Commissie Tandheelkundige Statistiek) according to the lowest (low) and 
highest (high) treatment times found in literature (in millions of hours). 
NHI youth 
NHI adults 
Subtotal 
Estim. priv. treatm. 
Total 
Available time 
low 
1.0 
3.6 
4.6 
3.0 
7.6 
7.1 
1987 
high 
1.7 
5.9 
7.6 
3.5 
11.1 
7.1 
law 
1.0 
3.6 
4.6 
3.0 
7.6 
72 
198B 
high 
1.7 
5.9 
7.6 
3.5 
11.1 
7.2 
low 
1.0 
Э.6 
4.6 
3.0 
7.6 
7.3 
1989 
high 
1.6 
5.8 
7.4 
3.5 
10.9 
7.3 
In this table, 'low' represents the total number of hours if the lowest treatment times 
found in literature are used for all treatments and 'high' represents the number of hours 
if the highest treatment times are used for all treatments. This comparison shows that 
even the low variant does not match the available time, and this while the required time 
in the survey only amounts to some 95% of the total time required as the NHI package 
does not contain all possible dental treatments. The scenario committee discussed this 
problem at length and ultimately decided to use the lowest treatment times for all treat­
ments and even to reduce the time for some treatments as these are often performed to­
gether with other treatments during one session and therefore require less time. In some 
cases certain treatments (for instance, oral hygiene instruction) are performed by the 
dental assistant and therefore do not cost the dentist any time whilst they are recorded 
in the statistics as performed by the dentist. The time for these treatments was also re­
duced slightly to compensate for this. The treatment times ultimately used produce re­
sults matching the available number of hours of dentists and dental hygienists. 
7.5 Comparison with empirical data 
Validation of the treatment model can be characterized as problematic. Important in­
formation is missing, inconclusive or not detailed enough. As a consequence for many 
parameters the value chosen can deviate considerably from their actual values. This 
makes it conceivable that the behaviour of the treatment model is unrealistic. However, 
the problems in validating the treatment model are partially compensated for by the 
availability of various global statistics which are related to this model. Most important 
in this respect are statistics on the global costs of dental health care, and on the applica­
tion of treatments in years other than the reference year (1986). (Recall that, apart from 
sealants, for all treatments only the application in 1986 is used to validate the model, 
leaving data from other years available for verification.) Table 7.3 gives a comparison 
of the total cost of dental health care as calculated by the model and as found in the 
available statistics. 
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Table 7 3 Comparison of the total cost of dental health care (excluding specialist care) based on 
the available statistics and calculations by the model (All costs are in million NLG) (1) 
stands for data from the Commissie Tandheelkundige Statistiek [Committee for Dental 
Statistics] and (2) stands for data from the "Financieel Overzicht Zorg" [Financial 
Survey Medical Costs], 1992 
19Θ7 
1988 
1989 
1990 
1991 
NHI(1) 
statistic dev. (%) 
714 -5 8 
674 -01 
634 7 4 
743 2.8 
NHI (2) 
statistic dev (%) 
730 -7 9 
660 2 0 
623 9 3 
730 4 7 
Prlv treattn. (2) 
statistic dev. (%) 
1021 109 
1087 7 2 
1186 3 0 
1167 14 0 
Total (2) 
statistic dev. (%) 
1751 3 1 
1747 5 3 
1809 5 2 
1897 10 4 
2029 6 6 
Although the differences in the National Health sector and the private sector are fairly 
high - especially in 1987 - the absolute differences in the total cost are limited In addi­
tion, it has to be noted that the FOZ estimates with respect to the treatments in the pri­
vate sector are also hampered by the same lack of data as was the validation process of 
the model 
In table 7 4 and 7 5a comparison is made between the number of treatments accord­
ing to National Health statistics and the results of the model These results are given in 
table 7 4 (for young people) and table 7 5 (for adults) 
Table 7 4 Relative difference (expressed as a percentage) between the annual number of dental 
treatments performed on young regular dental attendere covered by the National Health 
Insurance based on data from the Commissie Tandheelkundige Statistiek, and calcula­
tions by the model 
1987 
1988 
1989 
1990 
1987-1990 
check­
up 
-2 1 
2 7 
4 2 
-0 8 
0 9 
extrac. 
-36 
1 1 
-2 0 
-51 
-2 4 
plast. 
rest. 
1 8 
-15 
-8 6 
-7 2 
-3 7 
cast 
rest. 
•44 
5 3 
0 4 
-12 2 
-2 6 
sea­
lant 
1 1 
2 7 
5 2 
3 5 
3 3 
hyg. 
instr. 
1 3 
2 3 
-2 2 
-15 2 
-4 0 
fluor. 
appi. 
-2 6 
-49 
-01 
-48 
-31 
cale. 
rem. 
-3 2 
5 4 
7 4 
-7 3 
0 4 
PD/ 
frame 
-0 8 
-19 2 
-32 
-96 
-8 5 
bridge 
-159 
3 8 
7 6 
441 
5 8 
Table 7 5 Relative difference (expressed as a percentage) between the annual number of dental 
treatments performed on adult regular dental attenders covered by the National Health 
Insurance based on data from the Commissie Tandheelkundige Statistiek and calcula­
tions by the model 
1987 
1988 
1989 
1990 
1987-1990 
check­
up 
2 1 
15 
5 2 
-21 
16 
extrac. 
1 2 
-3 6 
-3 0 
-105 
-40 
plast. 
rest. 
-18 
19 
5 2 
5 2 
2 7 
hyg. 
Instr. 
0 7 
-9 3 
165 
3 2 
3 1 
cale. 
rem. 
0 9 
0 9 
3 1 
-3 5 
0 2 
PD/ 
frame 
-08 
-84 
156 
-10 
0 9 
FD 
-194 
2 2 
4 4 0 
171 
5 6 
The differences in the average numbers over the period from 1987 to 1990 are small 
and remain acceptable. The differences in the individual years are significantly higher 
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at times. These differences are due to fluctuations in the number of treatments in the 
National Health statistics. These fluctuations can have several causes. The most striking 
differences are those in the numbers of full dentures. In 1987 the rumour spread that 
full dentures would be removed from the services covered by the National Health In-
surance. This resulted in a sudden increase in the number of full dentures. Many more 
dentures were made that year than in the previous and following years. The model does 
not represent such incidental leaps but simulates a more smooth course. As a result the 
number of full dentures is too low in 1987 and too high in 1989 and 1990. The average 
difference remains fairly low, however, (about 5%). 
All in all, the treatment model is capable of reproducing the verification statistics 
with a satisfactory level of precision, yielding deviations mainly being 5% or less. 
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Chapter 8 
Testing the model 
8.1 Introduction 
In chapters 3 through 7 the design of a conceptual model and a mathematical model, 
consisting of a number of submodels, and the validation of this mathematical model is 
described. In this way a workable entity is obtained which can be used to carry out pol-
icy experiments. The fact that all parameters have been optimally estimated and that the 
state variables have been assigned initial values does not imply that the model is cor-
rect. A correct model is characterized by a number of dimensions, which depend on the 
purpose of the model. Some models are expected to be very much analogous to the part 
of reality which they model. This is true, for instance, for scale models used in wind 
tunnels, or for a mathematical model used to determine the optimum shape of a ship's 
propeller. In models designed in the course of management training sessions, on the 
other hand, the only thing that matters is the process of model design. In this case no 
requirements are set with respect to the ultimate model. Further distinctions can also be 
made with respect to the requirement that the model output approximates the results of 
the system to be modelled, or that the structure of the model is a good reflection of the 
structure of the actual system. With respect to this distinction Harbordt speaks about 
Strukturähnlichkeit versus Outputvergleich (Harbordt, 1974). 
The model which is the subject of this thesis has to meet a number of demands. In 
chapter 1 the following objective was formulated: "the model should be able to act as a 
tool for decision support for those working as health politicians in the field of dental 
health care on a wide range of topics comprising the balance between supply and de-
mand, the financial structure of the Dutch dental health care system, improving oral 
health and impact assessment of new procedures and treatment methods". Whether the 
model can do this, will only become evident after its use in actual practice. Neverthe-
less, a number of necessary preconditions can be formulated in advance. Put briefly, 
these preconditions involve the quality of the model: 
1 The degree to which the model describes the Dutch dental health care system should 
be such that a health politician in this field will consider the model plausible. 
2 The model should not show absurd behaviour. 
3 The model should be able to carry out policy experiments which yield results inter-
pretable to health politicians. 
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In validating the model, as described in the previous chapters, the parameters of signifi-
cant sections of the model were adjusted in such a way that the resulting model be-
haviour corresponded to observations from the period 1980-1992. This implies that the 
first demand has been largely met. (Which means that what Harbordt calls Outputver-
gleich has been carried out satisfactorily.) This chapter will therefore not deal with the 
degree to which the model meets this demand. 
The second demand may seem redundant for a model which already meets the first 
demand. However, it is quite possible for a model which describes reality quite 
satisfactorily to still show unacceptable behaviour. This can particularly manifest itself 
if policy experiments are carried out or if model results are analyzed in greater detail. In 
this chapter attention will be paid to a number of tests carried out to see whether the 
model meets this demand. 
Finally, the third demand deals with the question whether the model has sufficient 
content to carry out policy experiments interesting to health politicians or yield results 
valuable to them. Because it is quite conceivable for policy experiments to concern the 
structure of dental health care, this implies that the structure of the model should be 
analogous to the structure of the actual system {Strukturähnlichkeit). It is difficult to 
test what similarity has been reached, let alone to determine a minimum level necessary 
to produce a model which is adequate in this respect. Therefore there is little point in 
theoretically defining in advance the degree to which the model could meet the third 
demand. The only way to show how effectively a model can meet such a requirement is 
to carry out policy experiments with the model. Chapter 9 will focus on the analysis of 
a number of 'sample policy experiments', with the aim of determining whether the 
model can carry out useful policy experiments in relevant policy fields. 
As described in the previous paragraphs this chapter deals with tests designed to rule 
out absurdities in the model or, in other words, tests for the logical correctness of the 
model. This will be referred to as 'errors' of the model. It is important to point out that 
this does not include deviations from reality inherent to the fact that the model is a 
simplified reflection of reality. Neither do assumptions about the way in which certain 
relationships should be modelled - for instance, whether a relationship is linear or 
quadratic - have anything to do with the fact that the model contains errors. If a linear 
relationship can be defended on the basis of literature, it is not considered an error of 
the model if this relationship is perhaps more complicated in reality. In other words: if a 
model characteristic leads to a discussion in which one group considers the characteris-
tic legitimate, whereas others are in favour of different modelling, this is no reason to 
conclude that the model contains an error, even if a model variant might well be better. 
The word 'error' will only be used if the model has a characteristic which must be re-
jected on logical grounds. Consider, for instance, variables which adopt impossible val-
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ues, such as a negative number of people in a population group, or a violation of causal 
logic, such as a change in the turnover of dentists in 1995 as a result of fees being 
changed in 1997. 
Absurdities of the model as described above can arise in two ways. Firstly, the de-
sign of the model, the mathematical description, can contain errors. Secondly, errors 
can be made during the process of writing software for the model. Both possibilities 
will now briefly be discussed. 
Because the development of a model is a fairly unstructured process it is difficult to 
indicate in general terms how errors, in the sense as described in the previous para-
graphs, can arise. To begin with, it cannot be said that a fault in the design of the model 
will automatically lead to an incorrect model. For instance, it is imaginable that in a 
demographic model migration might not be taken into account. This could be due to an 
assessment of the importance of migration for the model as a whole, but also because it 
is simply overlooked; in the latter case this is a fault in the development of the model. 
However, this does not lead to an incorrect model. Although the behaviour of this 
model will reflect reality only to a limited degree, the omission of migration will not 
lead to absurd model behaviour. Using a number of examples which relate to a simple 
demographic model, some faults in model development that do lead to a model which is 
demonstrably incorrect will now be illustrated. Considering the simplicity of these ex-
amples it is unlikely that a model designer would make such faults when designing 
such a model. However, as models grow larger and become more complex, such faults 
become increasingly likely. 
• In a demographic model the age groups have been selected with a width of 20 years: 0-19, 
20-39, .. 60-79, and 80+. For each year the number of people in each group has been calcu-
lated. The model also assumes that 5% of the people disappear from each age group because 
they move to an older age group as a consequence of ageing. In this procedure the error is 
not the assumption that, for instance, 5% of the 0-19 year-olds are exactly 19 years old and 
will therefore move to the 20-39 group one year later. Though this is only an approximation 
of reality, it is by no means objectionable. What is incorrect, however, is that as a conse-
quence of ageing, people disappear from each age group. Because the oldest age group has 
no upper limit, people cannot disappear from this age group through ageing. 
• The migration balance is defined by: "emigration-immigration". In calculating the new size 
of the population an equation is used in the form of: 
new number of people = old number of people + (other variables) + migration balance 
The migration balance is defined in such a way that it increases as more people leave the 
country. However, in making the equation for the population the model designer was not 
aware of this. The migration balance variable was interpreted in such a way that as the bal-
ance increases the population will grow more. This inconsistent treatment of the migration 
balance variable means that the population will actually grow faster as more people leave 
the country; a typical model error. 
In addition to errors in the mathematical description of the model, the phase in which 
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software is written has been mentioned as the second source of errors. This phase of the 
process of model design receives little attention in the literature. Recognition of the fact 
that the design of a (simulation) model involves many ad hoc decisions which often 
cannot be completely founded on methodological knowledge (see chapter 1) means that 
the process of model design cannot be structured into distinct phases. Nevertheless it is 
common to distinguish a number of phases which are frequently encountered in the 
process of model design. In chapter 1, for instance, the following stages were referred 
to (Quade, 1989): 
1. Certain elements are singled out as being relevant to the problem under considera­
tion. 
2. The significant relationships among these elements are made explicit. 
3. Hypotheses regarding the nature of these relationships are formulated. 
4. These hypotheses and/or the model's predictions are tested using date from the real 
world. 
Variants of this can be found in the literature. However, the implementation phase does 
not play an important role. At present simulation models will nearly always be devel­
oped in the form of computer programs. This can be done with software specially de­
signed for this purpose, such as STELLA or DYNAMO. Or, as was done in this study, 
by using a general computer language, such as Pascal, С or FORTRAN. This phase of 
software development takes place between phases 3 and 4 as distinguished by Quade. 
From a model designer's point of view coding a formally described model is more or 
less a routine job which is not really central to model development. On the basis of the 
knowledge available concerning software development the first three stages can be seen 
as the design of a functional model, to which the software, which is the 'ultimate' 
model should comply. Because making software is a process which is highly prone to 
errors, a test phase, to see whether the software actually does what it is supposed to do, 
is a standard element in the process of software development (DeMillo et al., 1986). 
Translated to the situation in which the software to be developed is a simulation model, 
this means that the designers have to decide whether the ultimate software is in fact ex­
actly the model described in stages 1 through 3. Very small models can be checked vi­
sually, as it were, by comparing the part of the program which defines the behaviour of 
the model with the mathematical form as created in stage 3. Large-scale models cannot 
be checked in such a way. This will immediately become clear by considering the 
model which plays the central role in this study. The software which contains the model 
equations consists of approximately 5000 lines, written in Pascal. Moreover, approxi­
mately 15000 lines deal with, for instance, the user interface and data input. The sheer 
magnitude of the model makes it absolutely impossible to check visually the software 
by comparing it to the mathematical form of the model. 
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8.2 Testing the model 
Given the real possibility of errors in a model, it is important to test the model to help to 
eliminate errors. (For one of the few publications on this topic, one is referred to Peter-
son and Eberlein, 1994.) One way of testing the model is so obvious that it can hardly 
be called a test. As soon as a model is used, for instance, for policy experiments, but 
even in the validation phase, a number of errors will be exposed immediately. Particu-
larly faults during the implementation phase can have such a considerable effect that 
they are discovered immediately. For example, in developing parts of the model of this 
study, variables suddenly assumed bizarre values after not more than one or two one-
year time steps. Such errors, which are always discovered and need to be corrected to 
yield a usable model, are only part of the range of possible errors. It is therefore neces-
sary to use specific tests which can expose possible errors in a more structural way. 
Nevertheless, it should be noted that it is not possible to prove that a model is free of 
errors by testing it. In principle, it is always possible that in very specific situations, for 
instance by interaction of sporadic forms of model behaviour, shortcomings in the 
model which otherwise have no influence on model behaviour suddenly could play a 
role. A possible example is an error in the modelling of the way in which dentists react 
to changes in the circumstances under which they practise. Consider a model in which 
under the conditions that the overcapacity of practices is more than 50% and the income 
at the same time decreases by 75% a negative number of calculus removal treatments is 
calculated. As long as this concurrence of conditions does not occur in experiments this 
error will not be exposed, and it is impossible to let all possible concurrences of condi-
tions occur in experiments. This situation can be compared to what Popper (1935) 
wrote concerning the falsification of scientific hypotheses. The hypothesis that a model 
is free of errors cannot be proven in a literal sense, but each test which bears up to the 
hypothesis makes it more convincing. In this respect it is important to point out that the 
model was not only subjected to the tests described in the rest of this chapter, but that 
all policy experiments, both the experiments described in chapter 9 and the policy ex-
periments carried out in the framework of the STG project, can be regarded as tests of 
the model. 
In this chapter two types of tests will be discussed specifically aimed at finding er-
rors which are not easily discovered in the validation phase or during policy experi-
ments. In the first place, 'conservation laws' will be formulated whenever possible and 
these will be checked to see if they are respected by the model. This will be dealt with 
in section 8.3. In section 8.4 a number of 'disturbances' into the model is introduced 
and analyzed to see whether these propagate logically through the model. 
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8.3 Conservation laws 
Each submodel of the entire model, with the exception of the treatment model, is for-
mulated on the basis of a number of state variables. These state variables could be char-
acterized by the fact that in some form or other they keep tally of an amount of 'matter'. 
For instance, a number of people or the number of teeth. This makes it possible to for-
mulate conservation laws which are variants of the law of the conservation of mass. To 
give an example, in the caries model the sum of the four state variables for adults, or in 
other words the number of teeth which are sound, decayed, restored or extracted, must 
always be 28. Such relationships have not been discussed in the previous chapters for 
the simple reason that they are not explicitly included in the model. In the calculations 
concerning, for instance, the caries model it would have been possible to determine the 
number of extracted teeth not by using the equation as described in section 5.1.2, but by 
subtracting the results for the other state variables from 28. Nevertheless, this is not the 
case. In other words, the conservation laws have not been used in the formulation of the 
model. This does not alter the fact that the model can only be correct if the conservation 
laws are respected in the behaviour of the model. Because the conservation laws as 
such are not part of the model it is possible to test the validity of the conservation laws 
afterwards. If they are adhered to, this implies that a number of potential errors in the 
design or implementation of the model are considerably less likely. In the following 
sections a conservation law will be formulated for each submodel, with the exception of 
the treatment model. Then it will be checked whether these laws are respected by the 
model. 
The formulation of conservation laws suggests that the observance of these laws is 
trivial in character. For instance, in the caries model a conservation law is formulated 
which states that in adults the sum of the number of teeth (including extracted teeth) 
must always be 28. This condition is indeed very evident. Nevertheless, this does not 
imply that the behaviour of the model will automatically respect this law. In order to il-
lustrate this example one can consider what processes influence the four state variables 
distinguished by the caries model for every cell of the population (e.g., NHI-insured 
regular attendere in the 19-29 age group). 
Firstly, there are a number of demographic processes. In most demographic processes (births, 
migration and mortality) people enter or leave a category. In one of these processes, ageing, 
people move to an older age group and take a certain oral status with them. This means that two 
population cells are involved in this process, the state variables of which have to be adapted 
correctly. If people change their insurance when entering an older age group, then no fewer than 
three cells are involved. In addition to demographic processes a change in dental attendance pat-
terns can also lead to a redistribution of people among various cells of the population. 
In addition to factors relating to the mobility of people between cells, various factors influence 
the distribution of the number of teeth among the four state variables in one cell, particularly 
pathological processes and treatments. In some cases there is a transition from one state variable 
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to another. For instance, after restoration of a decayed tooth, that tooth has to be transferred 
from 'decayed' to 'restored'. Often, however, a distribution among several state variables is 
necessary. For instance, if full dentures are made for one jaw, one needs to determine how many 
teeth are extracted and how they are distributed among the three possible state variables (sound, 
decayed, restored). 
With some modifications this example for the caries model also applies to the other 
submodels. This means that, all in all, a multitude of processes make the values of the 
state variables change simultaneously. And although the logic of the conservation law 
is very imperative, the modelling of all these processes and the mathematical formula-
tions in a simulation model are by no means always correct. By carrying out tests based 
on conservation laws in the first stages of model development, errors in the model were 
actually traced and eliminated. In summary, it can be said that if a submodel appears to 
respect the conservation law formulated for it, the conclusion can be drawn that the 
implementation of the conceptual model has been carried out consistently. 
In principle the observance of conservation laws can be checked for each year simu-
lated by the model. Because it is improbable that the model will respect the conserva-
tion laws for certain years but not for others, it is sufficient to carry out checks for only 
a few years. In this thesis two points of time were chosen with a wide interval, namely 
the years 1995 and 2019, so that a possible diversion over time could become visible. In 
some cases the conservation laws make a statement about the transition from one year 
to another. In such cases the transitions 1995-1996 and 2019-2020 are used. 
8.3.1 Population model 
Table 8.1 Data to check the conservation law for the population model. 
1995 
Population 
0-5 1176688 
6-12 1307822 
13-18 1152808 
19-29 2628858 
30-44 3704646 
45-64 3466375 
65+ 2060574 
Total 15497773 
Births: 
Total at t+1 (1996): 
Value of total expected 
Total+birth+migr. -death 
Difference 
Death 
1744 
244 
344 
1292 
3830 
19365 
106993 
133812 
205594 
15612555 
15612555 
0 
Migration 
3890 
4538 
6597 
18206 
8508 
719 
542 
43000 
2019 
Population 
0-5 1095518 
6-12 1344143 
13-18 1201806 
19-29 2301562 
30-44 3303803 
45-64 4503275 
65+ 3220310 
Total 16970417 
Births: 
Total at t+1 (2020): 
Value of total expected 
Total+birth+migr.-death 
Difference 
Death 
1487 
229 
328 
1031 
3177 
24524 
159279 
190055 
181893 
16987254 
16987255 
1 
Migrati on 
2261 
2638 
3836 
10585 
4947 
418 
315 
25000 
The following conservation law has been formulated for the population model: the total 
population on January 1 of year t, increased by the migration balance of that year and 
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the number of live born in that year reduced by the number of deaths in that year, must 
be equal to the total size of the population in the year t+1. Table 8.1 shows the relevant 
output of the model to check this conservation law. The difference found at the transi-
tion from 2019 to 2020 can be attributed to truncations. It has now been confirmed that 
the behaviour of the model complies with the conservation law formulated. 
8.3.2 Attendance model 
The conservation law which has been formulated for the attendance model is simple: in 
each socio-economic category the total of the subdivisions with respect to dental at-
tendance (regular, irregular or edentulous) has to result in the total number of people in 
that category. Table 8.2 shows the results for 1995 and 2019. 
Table 8.2 Data to check the conservation law of the attendance model. 'Total' is the sum of 
people by attendance behaviour, 'Actual pop.' is the size of the population as calculated 
by the population model. 
1995 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
2019 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
NHI 
Total Actual pop. dev. 
683480 683481 -1 
693283 693284 -1 
631602 631601 1 
1985407 1985406 1 
2190244 2190244 0 
2125382 2125381 1 
1353554 1353553 1 
NHI 
Total Actual pop. dev. 
638438 638438 0 
712137 712138 -1 
648982 648982 0 
1726808 1726807 1 
1984739 1984739 0 
267629B 2676298 0 
2105475 2105474 1 
Private 
Total Actual pop. dev. 
493208 493207 1 
614539 614539 0 
521206 521207 -1 
643451 643451 0 
1514403 1514403 0 
1340994 1340994 0 
707020 707021 -1 
Private 
Total Actual pop. dev. 
457080 457080 0 
632005 632006 -1 
552824 552824 0 
574755 574755 0 
1319063 1319064 -1 
1826978 1826978 0 
1114836 1114836 0 
Here, too, the differences can be explained by truncations in the output. The model ob-
serves the conservation law formulated. 
8.3.3 Caries model 
The conservation law formulated for the caries model is age-dependent. For people in 
the age groups from 13-18 onwards the sum of the number of teeth (inclusive of 
extracted teeth) has to be equal to 28. For children in the 0-5 age group this sum has to 
be 20, as does the number of deciduous teeth in children in the 6-12 age group, includ-
ing the number of shed teeth. Table 8.3 shows the relevant output of the model for the 
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years 1995 and 2019. In the last column the average number of teeth per person is 
calculated. As the output gives the number of teeth in whole numbers, the numerator of: 
sound, decayed, filled of extracted teeth . „ ,, ^
 т ж1 , 
number of people c a n c o n t a m an е г г о г °f 2 at the most. In the denomi­
nator the error is 0.5 at the most. In a number of people in a category that can vary from 
approximately 50 000 to more than one and a half million, a deviation in the average 
number of teeth per person of 2xl0 4 for small categories to lxlO-5 for the largest cat­
egories can be explained from the limited accuracy of the output. 
Table 8 3 Data to check the conservation law for the canes model with respect to the total number 
of teeth per person. 
age 
0-5 
6-12 
decid 
13-1В 
19-29 
30-44 
45-64 
65+ 
category 
NHI.R 
ΝΗΙ,Ι 
Pnv.R 
Ρπν,Ι 
NHI.R 
ΝΗΙ,Ι 
Prrv.R 
Ρπν,Ι 
NHI.R 
ΝΗΙ,Ι 
Pnv.R 
Ρπν,Ι 
NHI.R 
ΝΗΙ,Ι 
Pnv.R 
Ρπν,Ι 
NHI.R 
ΝΗΙ,Ι 
Pnv.R 
Ρπν,Ι 
NHI.R 
ΝΗΙ,Ι 
Pnv.R 
Ρπν,Ι 
NHI.R 
ΝΗΙ,Ι 
Pnv.R 
Ρπν,Ι 
No. teeth 
6279330 
7390287 
4483632 
5380519 
12143563 
1722108 
11170726 
1120091 
15445689 
2237383 
12956480 
1637139 
46187516 
8532658 
15153137 
2753956 
44634539 
13180438 
34142322 
6970127 
24764471 
12384247 
23108607 
6478722 
4724910 
6099003 
5671687 
2944928 
1995 
Popul. 
313966 
369514 
224182 
269026 
607178 
86105 
558534 
56005 
551632 
79907 
462731 
58469 
1649554 
304738 
541183 
98356 
1594091 
470730 
1219368 
248933 
884446 
442295 
825307 
231383 
168747 
217822 
202560 
105176 
Teeth/Popul. 
20 00003 
20 00002 
19 99996 
20 00000 
20 00000 
20 00009 
20 00008 
19 99984 
27 99999 
27 99984 
28 00003 
28 00012 
28 00000 
27 99998 
28 00002 
27 99988 
27 99999 
28 00000 
28 00001 
28 00001 
27 99998 
27 99997 
28 00001 
27 99999 
27 99996 
27 99994 
28 00003 
28 00000 
No. teeth 
6029104 
6739664 
4257092 
4884503 
12607346 
1635404 
11587646 
1052466 
15913073 
2258404 
13767810 
1711267 
40813791 
7414281 
13607839 
2452800 
43102307 
12156417 
30583208 
6157624 
43454418 
23126643 
35843818 
11906297 
14132650 
19457129 
12955334 
8828025 
2019 
Popul. 
301455 
336983 
212855 
244225 
630367 
81770 
579382 
52623 
568324 
80657 
491707 
61117 
1457636 
264796 
485994 
87600 
1539369 
434158 
1092257 
219915 
1551944 
825952 
1280137 
425225 
504738 
694898 
462690 
315287 
Teeth/Popul. 
20 00001 
20 00001 
19 99996 
20 00001 
20 00001 
20 00005 
20 00001 
20 00011 
28 00000 
28 00010 
28 00003 
27 99985 
27 99999 
27 99997 
28 00001 
28 00000 
27 99998 
27 99998 
28 00001 
28 00002 
27 99999 
27 99998 
27 99999 
27 99999 
27 99997 
27 99998 
28 00003 
27 99997 
Nowhere do the tables show an error bigger than could be expected based on trun­
cations in the output. So with respect to the caries model, too, the behaviour of the sub­
model respects the formulated conservation law. 
165 
Testing the model 
8.3.4 Periodontal model 
The conservation law formulated for the periodontal model refers to the distribution of 
the population among people with sound gums, gingivitis or pockets. In principle, con­
servation laws could also be formulated with respect to the distribution among people 
with or without calculus. However, the model only calculates how many people actual­
ly have calculus, so that it is impossible to run a check afterwards by means of a con­
servation law. The conservation law formulated with respect to the distribution of the 
population among people with sound gums, gingivitis or pockets is obvious: the sum of 
these three groups has to be equal to the total number of people in a category. Table 8.4 
shows the relevant data. 
Table 8.4 Data to check the conservation law for the periodontal model with respect to the 
classification of the population according to state variables 'sound', 'with gingivitis' 
and 'with pockets'. 
age 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
category 
NHI.R 
NHI.I 
Priv.R 
Priv.l 
NHI.R 
ΝΗΙ,Ι 
Priv.R 
Priv.l 
NHI.R 
ΝΗΙ,Ι 
Priv.R 
Priv.l 
NHI.R 
ΝΗΙ,Ι 
Priv.R 
Priv.l 
NHI.R 
ΝΗΙ,Ι 
Priv.R 
Priv.l 
NHI.R 
ΝΗΙ,Ι 
Priv.R 
Priv.l 
NHI.R 
ΝΗΙ,Ι 
Priv.R 
Priv.l 
Popul. 
313966 
369514 
224182 
269026 
607178 
86105 
558534 
56005 
551632 
79907 
462731 
58469 
1649554 
304738 
541183 
98356 
1594091 
470730 
1219368 
248933 
884446 
442295 
825307 
231383 
168747 
217822 
202560 
105176 
1995 
Σ States 
313966 
369514 
224181 
269026 
607178 
86105 
558534 
56005 
551632 
79907 
462732 
58469 
1649554 
304738 
541184 
98356 
1594090 
470730 
1219369 
248933 
884446 
442295 
825307 
231383 
168747 
217822 
202560 
105175 
dev. 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
-1 
0 
0 
0 
-1 
0 
1 
0 
-1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
Popul. 
301455 
336983 
212855 
244225 
630367 
81770 
579382 
52623 
568324 
80657 
491707 
61117 
1457636 
264796 
485994 
87600 
1539369 
434158 
1092257 
219915 
1551944 
825952 
1280137 
425225 
504738 
694898 
462690 
315287 
2019 
Σ States 
301455 
336983 
212855 
244225 
630367 
81770 
579382 
52624 
568324 
80657 
491708 
61117 
1457636 
264796 
485995 
87600 
1539368 
434158 
1092257 
219915 
1551944 
825952 
1280136 
425225 
504738 
694897 
462691 
315286 
dev. 
0 
0 
0 
0 
0 
0 
0 
-1 
0 
0 
-1 
0 
0 
0 
-1 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 
-1 
1 
It is clear that all deviations can be explained from the fact that the output has been 
truncated to whole figures. Therefore the conclusion can be drawn that the periodontal 
model complies with the conservation law formulated. 
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8.3.5 Supply model 
A conservation law for the supply model should be suitable for dentists as well as den-
tal hygienists. One could choose to formulate the conservation law at the level of the 
subgroups, e.g., male general dental practitioners between 25-29 years of age. A formu-
lation of conservation laws at the sub levels, however, might leave possible errors at the 
global level unnoticed. Because the correct assessment of the total population size was 
considered predominant, the conservation law has been formulated at a global level. 
This leads to the following conservation law: the number of dentists (or dental hygien-
ists) on January 1 of a given year is equal to the number in the preceding year, in-
creased by the number of graduates and decreased by the number of professionals who 
die, stop working or emigrate. (The number of graduates starting specialist training and 
not becoming active as a dentist has already been deducted from the number of gradu-
ates.) Table 8.5 shows the part of the model output which relates to these variables. 
Table 8.5 Data to check the conservation law which has been formulated for the supply model. 
1995 
Population 
Emigration 
No. of stop 
Mortality: 
Graduated 
Population at t+1 (1996): 
Expected pop. size 
Pop.+grad.-death-stop-emig 
Difference 
Dentists 
6994 
-50 
68 
29 
91 
7038 
7038 
0 
Dental hyg. 
979 
0 
48 
1 
97 
1027 
1027 
0 
2019 
Population 
Emigration 
No. of stop 
Mortality: 
Graduated 
Population at t+1 (2020): 
Expected pop. size 
Pop.+grad.-death-stop-emig 
Difference 
Dentists 
6668 
-10 
149 
51 
134 
6612 
6612 
0 
Dental hyg. 
1966 
0 
106 
3 
125 
19B2 
19B2 
0 
The table shows that the model respects the conservation law for the supply model. 
8.4 Propagation of disturbances 
If at a certain point in time and in a restricted part of the model (for instance, one cate-
gory of the population) a disturbance is introduced into a state variable or into a param-
eter of the model, it will generally propagate itself through the model during the course 
of time. By analyzing a sequence of disturbances it can be seen if this results in effects 
which are not possible in reality. This test is certainly not intended to see whether all 
kinds of sensitivities in the model have realistic values. For a large-scale model, as is 
the subject of this thesis, an exhaustive sensitivity analysis is a huge task even if the in-
teractions between various sensitivities are left aside. This does not alter the fact that 
sensitivity analysis can provide useful information about a model. A good example of a 
thorough analysis of a system dynamic model, trying to find the core of a model by 
mathematical analysis and sensitivity analysis, albeit on a much smaller model, can be 
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found in Thissen (1978). To find a solution to this problem for the model developed in 
this project, sensitivity analyses are carried out only in relation to specific policy exper-
iments. In this way it is nearly always possible to make a strict selection of the parame-
ters of which the sensitivity has to be analyzed. In chapter 9 a number of sensitivity 
analyses will be carried out for a few specific policy experiments. 
In this section for some submodels a disturbance will be defined, then it will be ana-
lyzed how these disturbances propagate through the model. As has been said before, the 
objective is not a sensitivity analysis. The analysis will primarily focus on where and at 
what time a disturbance occurs elsewhere in the model, rather than the magnitude of the 
disturbance. In principle, a disturbance at some point in the model can spread over the 
whole model, with the exception of the population model. The population model is in-
dependent of the rest of the model, although a disturbance in the population model can 
influence the whole model. This is also true to a lesser degree, for the supply model. 
Only occurrences in the rest of the model which lead to serious disturbances in the ca-
pacity utilization degree, can influence the ratio of professionally active people to un-
employed professionals. However, the supply model has in general the same one-way 
relationship with the rest of the model as the population model. Consequently, the anal-
yses will only pay attention to the influence of disturbances on the population or supply 
models if something actually happens in these models. 
Whereas the population and supply models are not central to the model and there-
fore, by definition, are insensitive to disturbances, the treatment model has a pivotal 
function and is affected by disturbances from all parts of the model. To put it quite 
clearly, changes in the population size in population cells, or changes in the oral condi-
tion as defined in the caries and periodontal models can have an immediate influence on 
the treatment model. For this reason this influence will not be shown. After all, the in-
formation concerning the way in which the disturbances are propagated in the atten-
dance, caries, or periodontal models (or the population model if the disturbance origi-
nates there) shows immediately what happens in the treatment model. On the other 
hand, a disturbance in the treatment model, particularly in the degree of capacity utiliza-
tion, has a direct effect on the state variables of the attendance, the caries, or the peri-
odontal model. This causes a problem in the analysis, for almost every disturbance will 
affect the degree of capacity utilization in the year following the disturbance. This again 
influences the majority of treatments, so that a year later the attendance, caries, and pe-
riodontal model will show disturbances in all cells. This, as such, is not very serious. In 
fact it is a fairly good approximation of reality. However, the consequence is that other 
sequences of occurrences, particularly occurrences induced by demographic aspects of 
the model, no longer become apparent. Exaggerating somewhat one could say that each 
disturbance leads to a disturbance in the degree of capacity utilization and that a distur-
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bance in the degree of capacity utilization always leads to a disturbance in the state 
variables in the caries and periodontal models in each cell of the population. Thus an 
analysis of the way in which disturbances are propagated through the model provides 
little information. 
The fact that the degree of capacity utilization (almost) always shows a reaction 
means that it makes little sense to study disturbances in this factor, which will not, 
therefore, be included in the analyses. The problem of the caries and periodontal mod-
els which always show an indirect reaction can be overcome. This is done by limiting 
the precision used in recording deviations from the undisturbed situations. By doing so 
the usually small changes caused by the above-mentioned chain of occurrences in 
which the capacity utilization plays a central role, will be exposed less quickly. Some-
what arbitrarily, a precision of 4 digits is chosen. For the caries model this means that if 
the distribution among the caries categories deviates by more than 0.01 teeth, this is 
characterized as a disturbance. For the attendance and the periodontal model, the vari-
ables (except the variable which reflects the number of pockets per person) indicate the 
distribution of the population among the various categories. If this distribution deviates 
by more than 0.01%, it is signalled as a disturbance. For the number of pockets per per-
son, the threshold amounts to a change the size of 0.0001 pockets per person. 
In addition to the attention given to what is called a disturbance, a decision has to be 
made with regard to the point of view from which it is determined if the propagation of 
the disturbance leads to unacceptable model behaviour. There are two ways in which 
disturbances can be explained. Firstly, by referring to mechanisms such as the ones that 
(seem to) happen in reality. However, the possibilities for this are limited. It is precisely 
because reality is so complex that a model is used. This means, for instance, that each 
user of the model may have a different view of the factors which, in his opinion, steer 
the functioning of dental health care. Consequently, it will not always be possible to 
explain the behaviour of the model on the basis of real mechanisms. The second possi-
bility is, therefore, the better choice. This boils down to trying to explain the propaga-
tion of the disturbance from fundamental characteristics of the model which are accept-
able to the user. If the behaviour of the model can be traced back to its basic principles 
which are acceptable on their own, this implies that the consequences of a disturbance 
apparently do not lead to absurd behaviour of the model. This was the rationale for 
basing the analyses on an explanation of the propagation of disturbances from funda-
mental model characteristics. 
8.4.1 Inventory of the disturbances introduced 
Because, in principle, each variable in the model can be used as a starting-point for the 
analysis of the propagation of disturbances, a choice had to be made regarding the dis-
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turbances to be analyzed. It is obvious to choose disturbances that to some degree are 
independent. This means that it makes little sense to carry out two analyses if the sec-
ond disturbance leads to changes in the same part of the model as does the first distur-
bance. For instance, suppose the second disturbance concerns a variable which was 
itself influenced by the first disturbance. In this case the results of the second analysis 
will strongly resemble the results of the first, only one year later. The fact that the dis-
turbances should preferably be independent to some degree does leave a wide range of 
possibilities, however. Around 10 analyses were carried out, three of them are de-
scribed in this thesis. They refer to disturbances in the attendance model, the caries 
model and the treatment model. The inventory below shows what disturbances were in-
troduced into each submodel. The three examples selected give a clear picture of this 
method of analysis. 
Attendance model 
Each year a certain segment of the people regularly going to the dentist move to the 
group of irregular dental attendere. The disturbance introduced here was a 500% in-
crease in this segment in the 19-29 age group, covered by the NHL 
Caries model 
The disturbance is a 50% increase in the incidence of primary caries in the 13-18 age 
group, regular dental attendere, privately insured. 
Treatment model 
The disturbance was a 500% increase in the basic treatment fraction for full dentures (in 
dentates) in the 30-44 age group, regular dental attenders, covered by NHL The concept 
of 'basic treatment fraction' is described in detail in chapter 7. In brief, this disturbance 
implies that, all other factors remaining constant, the chance that a dentate person re-
ceives full dentures becomes five times as large in the group concerned. 
All disturbances are introduced on January 1, 1995. After a long period the distur-
bances will have spread over the whole model which reduces the information the analy-
sis can yield. Therefore, the period in which the consequences of the disturbances are 
analyzed is restricted to 5 years and thus includes the changes which become apparent 
in 2000 or sooner. 
8.4.2 Disturbance in the attendance model 
As was said in section 8.4.1, the transition from regular to irregular dental attender in 
19-29 age group, covered by NHI, becomes five times as large. In the base run a basic 
fraction of 2.54% moves from the group of regular to the group of irregular attenders 
each year. (This basic fraction is affected by a number of other factors, for instance, the 
price of dental treatments; these factors remain unaltered in this experiment.) The basic 
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fraction for this experiment becomes 12.7%. Using a graphic presentation, table 8.7 
shows for every cell of the population whether it undergoes a change which exceeds the 
threshold value as described in section 8.3. 
Table 8.7 Inventory of the consequences of the disturbance in the attendance model on the 
behaviour of the model. 
Attendance model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
1997 
NHI Priv. 
H I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
2000 
NHI Priv. 
R I R I 
М Ж Ж « Ж Х U K X X 
x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x 
X X X 
Caries model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
2000 
NHI Priv. 
R I R I 
X X X X 
x x x x x x x x x x x 
x x χ x x x x x x x x x x x x 
χ x x x x x x x 
X 
Periodontal model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
2000 
NHI Priv. 
R I R I 
X 
x x x x x x x x x x x x 
x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x x x x x 
x x x x x x x x x x x x 
X X X X x x x x x x x x 
Analysis of the table 
The consequences of the disturbance after one year are clear. Because a larger group of 
people changes from regular into irregular dental attendere, the composition of the 19-
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29 age group as monitored by the attendance model changes. There is a difference be-
tween the oral status of regular dental attendere and irregular dental attendere. This 
holds both for the condition as described by the caries model as for the condition de-
scribed by the periodontal model. Therefore, after one year there is a noticeable change 
with respect to the regular dental attendere, too. If no other flows entered the 19-29 
group of NHI-covered irregular dental attenders, there would be no disturbance in this 
category for the caries model and the periodontal model. However, such flows do exist; 
namely people changing from regular attenders into irregular attenders and people en-
tering this category through ageing. This offers an explanation for the effect of the dis-
turbance in the caries and periodontal models. Because the disturbance refers to the 
population flows within one age group, it will not be visible in older age groups after 
just one year. 
In the second year the consequences of the disturbance become apparent in older 
categories. Of course, the disturbance which is already visible remains present and 
passes on to the next age group (30-44). Only when leaving an age group people can 
change their insurance form, which is not possible within an age group. As a conse-
quence, the effect can also become visible among privately insured people in the older 
age groups, but not in the 19-29 age group. This can be seen in each of the three sub-
models as shown in table 8.7. It is worth noting that in the 30-44 age group in the caries 
model a difference becomes apparent among privately insured irregular dental attenders 
but not among regular dental attenders. This seems strange, because it is a consequence 
of the propagation of a disturbance in the 19-29 age group, which in absolute numbers 
of people is equally large in both groups. It seems obvious that the disturbance should 
be visible among both groups in the older age group. This is not the case because the 
group of irregular dental attenders is considerably smaller. Expressed as a change in the 
average oral condition of privately insured people, the effect for people visiting their 
dentist irregularly will be more pronounced. 
In the third year the periodontal model in particular, suddenly shows considerable 
changes. This is because the disturbance affects the capacity utilization degree. This in 
turn influences the treatment pattern. The treatment 'calculus removal' has a strong di-
rect influence on a state variable in the periodontal model. Therefore the changes are 
not the result of demographic processes, but of a chain of occurrences in which the den-
tist and dental hygienists are the pivots. In addition to the expected changes in the at-
tendance model with respect to the 19-29 year-olds and the 30-44 year-olds there is also 
a change in the 45-64 age group. This could be correct if it was due to other treatments 
by the dentist leading to changes in the number of edentulous people (and as a conse-
quence of this, the number of regular or irregular dental attenders). However, this is not 
the case. This consequence of the disturbance is an artefact of the model, due to the 
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time step of the model, one year, being much smaller than the width of the age groups 
(varying from 6 to 20 years). The model therefore assumes that each year a small seg-
ment of the population in a category leaves this category as a result of ageing. Thus a 
change in one category will, in principle, always be visible in the older age category 
after one year, even if it was caused by people having just entered this category. In 
other words, the model is unable to restrict a change, caused by 30 year-olds in the 
30-44 age group in 1997 to just these 30 year-olds a year later. Instead the model 
records a small change in the averages for this group and this change becomes visible in 
the 45-64 age group in 1998. The changes which the caries model shows for the 45-64 
age group are due to the same phenomenon of 'early transition'. It is obvious that, in 
principle, this effect also has consequences for the periodontal model, but the extreme 
sensitivity to changes in the treatment pattern means that the effect is invisible in this 
analysis. 
In the fourth year the picture is almost the same as after three years. The caries 
model is the only model in which the early transition of the disturbance to the 45-64 age 
group can be seen in three of the four categories. The fact that the transition to the 65+ 
age group which, in principle, could become apparent in this year but which cannot be 
seen yet, illustrates that the early transition is limited in size. It is remarkable that the 
disturbance can now be seen in one category of 13-18 year-olds, namely the NHI-
covered patients regularly visiting the dentist. This is caused by the effect of the distur-
bance on the capacity utilization degree of dentists. Because the number of irregular 
dental attendere in the population grows, the capacity utilization degree declines. Con-
sequently, the dentist has a slightly greater opportunity to adapt his treatment pattern in 
a direction which, among other things, leads to a higher degree of restoration. This be-
comes visible in a population group which is relatively sensitive to this change. 
In the fifth year the early transition reaches the 65+ age group, particularly in the at-
tendance model. Furthermore, as could be expected, the influence of the changed treat-
ment pattern in the caries model is now apparent in more categories now, particularly in 
the 13-18 age group. The change in the 65+ age group could have been caused by the 
changed treatment pattern or the early transition. However, it is relevant, too, that for 
the first time there is a noticeable shift between dentates and edentulous people. Be-
cause the oral condition assigned to people becoming edentulous differs from the aver-
age oral condition, a change in the number of people becoming edentulous can directly 
lead to a change in the state variables in the caries and periodontal models. In the peri-
odontal model the effect of the changed treatment pattern is now also apparent in the 
6-12 age group. 
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8.4.3 Disturbance in the caries model 
The disturbance in the caries model is a 50% increase in the incidence of primary caries 
in the 13-18 age group, privately insured patients regularly visiting the dentist. 
Table 8.8 Inventory of the consequences of the disturbance in the caries model on the behaviour 
of the model. 
Attendance model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
1997 
NHI Priv. 
R Pt 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R R 
2000 
NHI Priv. 
R I R I 
Caries 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
model 
1996 
NHI Priv. 
R I R I 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
2000 
NHI Priv. 
R I R I 
* X X X X X X X X X 
Χ Χ Χ X X χ χ χ χ χ χ χ χ χ χ χ χ 
χ χ χ 
Periodontal model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
2000 
NHI Priv. 
R I R I 
X X X X X x x x x x x x x 
χ x x x x x x x x x 
X 
X X X 
χ χ χ x x x χ 
Analysis of the table 
A limited analysis of the consequences of the disturbance in the caries model for the at­
tendance model will suffice. In all events, during the first five years the attendance 
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model undergoes no changes as a result of the disturbance. This is not a result indicat-
ing errors in the model. Possible changes in the attendance model are shifts in the ratio 
of regular to irregular attendere, or in the percentage of edentulous people. In principle, 
the increased incidence of caries leads to a change in the oral condition, which in turn 
leads to changed attendance behaviour and a different treatment pattern. In the end this 
may lead to an increased percentage of edentulous people. However, these effects are 
rather small. It is therefore understandable that after five years the impact on the oral 
condition and, particularly, on the number of missing teeth - which is decisive for 
changes in the attendance behaviour or the treatment pattern - is not yet strong enough 
to result in a change in the attendance model which exceeds the threshold value. 
After one year the caries model shows precisely which segments of the population 
in the intervention group can be reached in one year from the origin of the disturbance. 
These people can still be in this group, they may have moved to the group of irregular 
attenders or they may have moved into the next age group, in the process of which their 
insurance form may or may not have changed. Apparently, the effect for all possible 
segments of the population which can be reached in one year is large enough to exceed 
the threshold value. So far the periodontal model shows no changes. 
After two years in the caries model, the disturbance reaches the group of privately 
insured people in the 19-29 age group irregular attenders. This is both a consequence of 
the changed influx out of their younger counterparts, and the change in the group of 
19-29 year-old privately insured people regular attenders, which becomes apparent 
through changed attendance patterns. Besides, consequences in the periodontal model 
can also be seen now. The changes visible in a number of categories in the caries 
model, can also be seen in the periodontal model at this point of time. This is caused by 
the fact that, as a reaction to the increased number of cavities, dentists give more oral 
hygiene instructions to reduce caries activity. But improved brushing behaviour also 
influences the incidence of periodontal diseases, particularly calculus. 
In the third and following years, from 1998 onwards, a spread of the disturbance 
which was already visible in 1997 can be seen. The consequences of the disturbance 
which the periodontal model shows for the older age groups - at first the 65+ and later 
the 30-44 or older age groups - are due to the fact that the increased incidence of caries 
has led to an increase in the capacity utilization degree of dentists. As a reaction less 
calculus is removed, which leads to noticeable changes in the periodontal model, par-
ticularly in the older age groups, as the incidence of calculus is high in these groups. 
8.4.4 Disturbance in the treatment model 
The disturbance introduced was a multiplication by a factor of 5 of the basic treatment 
fraction for full dentures in the group of 30-44 year-old, NHI-covered regular attenders. 
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Table 8.9 Inventory of the consequences of the disturbance in the treatment model on the 
behaviour of the model. 
Attendance model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
Caries model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
Periodontal model 
1996 
NHI Priv. 
R I R I 
0-5 
6-12 
13-18 
19-29 
30-44 
45-64 
65+ 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
1997 
NHI Priv. 
R I R I 
1998 
NHI Priv. 
R I R I 
1999 
NHI Priv. 
R I R I 
2000 
NHI Priv. 
R I R I 
X X J L * * * * 
X X X X X X X 
X 
2000 
NHI Priv. 
R I R I 
X X X X X 
X X X 
2000 
NHI Priv. 
R I R I 
X X X X X X X X 
X X X X X X X X X 
X X X X 
X x x x x x x x 
Analysis of the table 
The results after one year are simple. Because more people become edentulous in the 
group of 30-44 year-old NHI-covered patients regular attenders, the number of people 
in this group changes. This explains the change in the attendance model. People becom-
ing edentulous deviate from the average as regards the characteristics described by the 
caries and periodontal model, which is the reason why the effects also become visible 
in the caries and periodontal models in the group in which the change has taken place. 
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As far as the attendance model is concerned, after two years the disturbance has 
spread to the group of 45-65 year-old NHI-covered patients visiting the dentist regular-
ly. This is the effect of ageing. Apparently in the caries model a disturbance does not 
become visible in the older categories after a period of just one year. This does happen 
in the periodontal model. Demographic factors also explain why the disturbance be-
comes visible in the group of 30-44 year-old NHI-covered people visiting the dentist ir-
regularly. People changing from regular attendere into irregular attenders take the dis-
turbance with them. The effects of the disturbance which become visible after two years 
in the periodontal model in the 19-29 year-old group of irregular attenders and the 65+ 
age group of NHI-covered irregular attenders are caused by other factors. Due to the 
increase in the number of people becoming edentulous, the capacity utilization of den-
tists changes, which, in principle, can have an effect on the whole population. The 
prevalence of calculus, in which the dentist plays a direct and crucial role, has become 
visible due to the disturbance in the 19-29 and 65+ categories. 
As regards the attendance model, after three years the disturbance has spread from 
the two cells with regular attenders to the corresponding cells with irregular attenders. 
This is a direct consequence of the fact that people change from regular attenders into 
irregular attenders. The spread of the disturbance in the caries model is due to ageing. 
Compared to the previous year the periodontal model shows a disturbance in one extra 
cell. This again is due to the change in the prevalence of calculus as a consequence of 
the changed capacity utilization degree. 
After four years the disturbance is visible in the same cells of the population as it 
was after three years, with the exception of one cell. The periodontal model now also 
shows a disturbance in the 65+ age group, NHI-covered people visiting the dentist regu-
larly. This is not caused by the phenomenon mentioned above in which the degree of 
capacity utilization plays an intermediary role. The disturbance seen in this population 
cell is due to an artefact of the model. This feature of the model has already been dis-
cussed. As the model cannot make a distinction between people having just entered an 
age group - for example, one or two years previously - and the remaining people in this 
group, the consequences of a disturbance which reaches an age group from a younger 
group are transferred to an older age group too soon. 
After a period of five years the early transition of a disturbance is visible in the at-
tendance model, too. The disturbance reaches the 65+ age group too soon. In the caries 
model the disturbance remains restricted to the population cell in which the initial dis-
turbance took place and to the same cell in the next age group. Compared to the situa-
tion after 4 years, after five years in the periodontal model only the disappearance of the 
disturbance in one cell of the population can be seen. This seems strange, but can be 
explained simply by the nature of the introduced disturbance. As the disturbance leads 
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to an increase in the frequency of a treatment, it initially causes an increased workload 
for dentists. But because the treatment results in a decrease in the number of dentates, 
the heavier workload is reversed. Consequently, the effect of the changed workload on 
the treatment choices is also reversed. In the 65+ group of privately insured irregular 
attendere, this can be seen by a decline in the effect of the disturbance to below the 
threshold value. 
8.5 Conclusions 
In this chapter it has been tried to check whether the development of the model has in 
fact resulted in a correct model. The validation as described in the previous chapters 
guarantees that the behaviour of the model corresponds well with empirical data. This 
does not mean, however, that the model is free of all types of errors. These may arise 
from absurdities in the specifications of the model, but are primarily due to errors dur-
ing the implementation of the model. Detecting such errors is not a standard part of the 
process of model design and therefore no standard procedures to find any such errors 
are available. In this chapter some tests are described which are suitable for this pur-
pose. From a methodological point of view it can therefore be said that both tests, either 
based on the use of conservation laws or on an analysis of the propagation of distur-
bances, can be used to detect design and implementation errors. 
The results produced by these tests also make it possible to draw some conclusions 
about the content of the model. The fact that the model has borne all the tests regarding 
conservation laws means that it is unlikely that the model contains errors with respect to 
the consistent registration of the numerous flows of people and information concerning 
pathological data (for instance, the number of decayed teeth). 
The results of the analysis of the propagation of disturbances are diverse. The way in 
which disturbances gradually became visible in parts of the model that are 'further' 
away from the source of the disturbance could nearly always be explained from basic 
model characteristics. One exception is the model characteristic which can be called 
'early transition'. This is a consequence of an artefact of the model caused by the fact 
that the time step of the model - one year - is much smaller than the width of the age 
groups (varying from 6 to 20 years). Consequently, the model assumes that each year a 
small section of the population in a category leaves this category as a result of ageing. 
Therefore a change in a category will, in principle, always be visible in the next catego-
ry one year later, even if this change was caused by people having just entered the cate-
gory. The elimination of this characteristic requires the removal of the discrepancy be-
tween the time step and the width of the age groups. This means that either the time 
step needs to be adjusted and all age groups given a width of, for instance, five years, or 
that the time step is kept at one year but that all age groups are given a width of one 
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year. The first option would harm the utility of the model, the second option leads to an 
huge extension of the model which (for the time being) does not seem feasible. There-
fore the question of the influence of these undesired model characteristics on the work-
ability of the model is crucial. The bias is hard to quantify. It depends on the width of 
the age groups under consideration and also on the degree to which a disturbance can 
be found in one or more age groups within the population. In the numerous policy ex-
periments which have been carried out so far, early transition has never been clearly 
identified, albeit that these experiments were not generally based on a disturbance in a 
small, clearly defined age group within the population. 
A major characteristic linked to early transition is that the early presence of a distur-
bance in an older age group is always attended by a decrease in the disturbance in a 
younger age group. In other words, if the whole population is under consideration then 
this is not a serious problem. This model characteristic mainly influences the distribu-
tion of a disturbance among the age groups in a model, and not the total size of the dis-
turbance or its distribution over socio-economic categories. 
In summary, it can be stated that the tests which have been discussed in this chapter 
justify the conclusion that errors in the model with respect to the processing of the pop-
ulation flows are unlikely, and that disturbances spread through the model in an under-
standable way. But whenever a disturbance is introduced in a small, clearly defined age 
group, the user of the model should be alert for a bias in the way in which the distur-
bance is spread among the age groups within the model during the course of years. 
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Chapter 9 
Policy experiments 
9.1 Introduction 
In the previous chapters it has been explained how a system dynamic simulation model 
of dental health care was designed, validated and tested for its correctness. In very brief 
outline, the conclusion of these chapters can be that, thanks to its technical merits, the 
model that has been constructed has the potential to function as an aid for health politi-
cians in the field of dental health care. These chapters mainly focused on a very detailed 
approach. For instance, they discussed the values of individual parameters and formu-
lated conservation laws for specific parts of the model. However, in order to function as 
an aid for health politicians, the model should be suitable for conducting policy experi-
ments in the relevant fields and produce information that is both relevant to and can be 
interpreted by health politicians. This chapter aims to show the extent to which the 
model is fit for conducting policy experiments in a way that could be relevant to health 
politicians. 
It was not opted for an attempt to describe the entire range of possible policy exper-
iments. Compiling such a comprehensive survey is next to impossible, and the magni-
tude and specification level of the model are such that the complete range of possible 
policy experiments is extremely large indeed. This is why, by way of example, it was 
opted for conducting a selected number of policy experiments in two different fields. 
Two policy fields were chosen being complicated enough to be able to show the possi-
bilities of the model in its entirety. These fields are the financing of dental health care 
on the one hand and the gearing of supply to demand in dental care on the other hand. 
When defining policy experiments, two different categories can be distinguished. 
The first category consists of exploratory or prospective policy experiments. In a 
prospective experiment, the input into the model consists of a particular intervention 
and the objective is to see how this intervention affects the simulation results of the 
model. The second category consists of strategic or projective policy experiments. In 
these experiments, the first step is to formulate a goal. The model is then 'ordered' to 
manipulate a number of variables in such a way that the set goals are realized as closely 
as possible. In this process, it is possible to insert conditions that limit the model's free-
dom to manipulate variables. As the nature of these two types of policy experiments 
differs substantially, they are both dealt with separately in this chapter. The policy ex-
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periments discussed in section 9.3, regarding the financing of dental health care, are of 
an exploratory nature, while the policy experiments discussed in section 9.4, regarding 
the gearing of supply to demand in dental care, are defined as projective policy experi-
ments. 
The results of each policy experiment can, in principle, be interpreted in two differ-
ent ways. Obviously, it is quite possible to interpret the results straightforwardly. This 
could lead to statements like: "A 10% increase in the productivity of dentists in 1995 
will result in the cost of dental health care amounting to NLG 2400 million in the year 
2000". Statements of this kind do not provide much information. The question immedi-
ately rises what the costs would have amounted to if there had been no increase in pro-
ductivity. This is why the results are always compared to a base run. The base run can 
be regarded as the neutral policy experiment, that is, a simulation of the developments 
assuming that no changes occur in the factors that influence dental health care in the 
Netherlands. A comparison of the results with the base run facilitates the interpretation 
of changes that are the result of a policy experiment. But at the same time, this method 
has another advantage. There always will be inaccuracies in the model; errors in the es-
timations of state variables, for instance, the number of dentists, or inaccurate estima-
tions of rate variables, for instance, the incidence of tooth decay. In both cases, these er-
rors will lead to model results that deviate from the real situation. If the results are in-
terpreted as absolute figures, this will immediately lead to errors in the conclusions 
drawn from a policy experiment. If, on the other hand, the difference between a policy 
experiment and the base run is taken as the reference point, the error will - at least 
partly - be levelled out and often will not even be relevant any more. In other words, re-
lating the results of a policy experiment to the base run will not only facilitate the inter-
pretation of the results, it will also make them more accurate. Each policy experiment 
discussed in this chapter will be compared with the base run. In order to make it easier 
to interpret the results, which as a consequence have a relative character, the most im-
portant results of the base run (also referred to as reference results) will be discussed in 
section 9.2. 
9.2 Introduction of the base run 
In the opening section of this chapter, it was already pointed out that the base run does 
not derive its significance from its absolute results, but from the possibility of measur-
ing the results of a policy experiment against the situation with no intervention. This 
means that the base run should by no means be regarded as some kind of prediction for 
the future. The time span (until 2020) alone reduces its predictive value enormously; 
the chance that the future will resemble the base run predictions is negligible. Neverthe-
less, the base run does show a number of clear trends which, as a background to the 
182 
Policy experiments 
policy experiments, affect the results of these experiments. 
An influential development takes place in the field of oral health. In recent decades 
the Dutch population has gone through a process of improvement in oral health, par-
ticularly among young people. This improvement will become apparent in the older age 
groups of the Dutch population as well. It will, for instance, be evident in a decrease in 
DMF-T scores, but also in a substantial decrease in the percentages of edentulous peo-
ple in the various age groups. The improved oral health is illustrated by figures 9.1 
through 9.4. With regard to periodontal disorders, however, the developments are less 
notable. While the prevalence of gingivitis decreases, the prevalence of pockets remains 
fairly stable, as illustrated by figure 9.5 and 9.6. The increase in the prevalence of 
pockets in the age group of 65 and over is due to a steady decrease in the fraction of 
people becoming edentulous. As the oral health of people becoming edentulous is 
worse than the average, more people with a poorer oral status will remain in the group 
of people with a natural dentition in the future. 
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Reference results of the caries model for the age group 30-44. 
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Reference results of the caries model for the age group 45-64. 
183 
Policy experiments 
[teeth] X Sound 
- · - Decayed 
-a- Filled 
•- Missing 
Figure 9.3 
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Reference results of the caries model for the age group 65+. 
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Reference results concerning the prevalence of edentulousness in various age groups. 
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Figure 9.5 Reference results of the periodontal model showing the percentage of dentate people 
with gingivitis but without deep pockets. 
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Figure 9.6 Reference results of the periodontal model showing the percentage of dentate people 
with deep pockets. 
As a consequence of the fall in the percentage of edentulous people, the fraction of the 
population with a natural dentition will grow. This effect is reinforced by the expected 
growth of the Dutch population as a whole. The combination of both phenomena will 
lead to a rise in the number of dentates from 12.3 million in 1992 to 15.3 million in 
2020, an increase of 24%. As people with a natural dentition require more dental care 
than edentulous people, this will lead to an increase in the demand for dental health 
care. 
Developments in the supply of dental care will not be able to balance this trend. The 
reduction in the enrolment capacity for dentistry students that took place in the eighties 
will cause a fall in the manpower supply from the year 2000. On the other hand, the 
number of dental hygienists and their manpower potential is rising steadily. The total 
manpower potential of the two groups taken together shows a decline that will set in 
around 2005. This development is represented in figure 9.7. 
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Figure 9.7 Manpower potential of dentists, dental hygienists and both groups combined, expressed 
in the number of hours available for patient treatment. 
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The growing number of people with a natural dentition combined with the decrease of 
the available manpower in the two main professional groups within dental health care, 
will cause practices to become overloaded with work. Assuming that dentists are able to 
expand their working hours limitlessly, the expansion should amount to 25% in order to 
be able to provide the same level of care as in 1992. As it is highly unlikely that this can 
be achieved, a labour market which is strained to this extent will lead to various reac­
tion mechanisms. Apart from longer working hours, this will also lead to an adaptation 
of the treatment patterns in favour of treatments that are less time-consuming at the ex­
pense of complex and preventive treatments. As a result of this imbalance between sup­
ply and demand, oral health will not improve as strongly as it could in the next decades. 
This imbalance will also have consequences for the development of the cost of dental 
health care. Although the increase in the number of people with a natural dentition sug­
gests that the cost of dental health care will rise proportionally, this will not be the case. 
Instead, the costs will rather reflect volume developments in the field of the supply of 
care. Figure 9.8 illustrates this development. 
With regard to the cost of dental care the model limits itself to the care supplied by 
dentists, dental hygienists and their auxiliaries. For this reason, the cost of dental care 
as mentioned here is exclusive of the cost of specialist care. The cost is expressed in 
real prices up to 1992 and in 1992-guiIders afterwards. This definition will also be used 
in the other sections, where the cost of dental care is concerned. 
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Figure 9.8 Cost of dental health care, exclusive of specialist care. 
If the cost is expressed per dentate then the trend of a limited rise becomes even more 
apparent. Indeed, the cost will even show a decrease. In 1990, the cost per dentate 
amounted to NLG 164; in 2020 this amount will have decreased to NLG 138. 
Now that an improvement in oral health is signalled, especially evident in a decrease 
in the percentage of edentulous people, a lack of imbalance between supply and de­
mand and a cost level for dental health care that remains more or less stable the main 
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characteristics of the base run as a reference for the policy experiments that are dis-
cussed in the following sections are described. 
9.3 Policy experiments on insurance packages 
9.3.1 Description of the set-up of the experiment 
This example of a policy experiment focuses on the way the model can be used to in-
vestigate the financing structure of dental health care in the Netherlands. 
An important characteristic of the Dutch dental health care system is the division 
into National Health Insurance patients and privately insured patients. The group cov-
ered by National Health Insurance consists of some 60% of the population and includes 
those that have the lowest incomes; all other people insure themselves with a private 
medical insurance company. Adults covered by National Health Insurance are entitled 
to a treatment package that includes consultation, prevention and restorative treatment. 
For most forms of prosthetic care a private contribution has to be paid. Dental treat-
ments like crowns and bridgework are not reimbursed at all. If a person covered by Na-
tional Health Insurance does not have his dentition checked by the dentist at least twice 
a year, he will loose his right to reimbursement for most treatments. The fees for treat-
ments of adults that are covered by the National Health Insurance are called VWZ fees. 
For young people covered by the National Health Insurance there is the so-called TJZ 
package. This package includes more treatments than the VWZ package, for instance, 
crowns and bridgework. It has its own fee schedule, the TJZ fees, which are generally 
higher than the VWZ fees. People insured with a private medical insurance company 
are free to leave out insurance for dental treatments. The majority do not have any in-
surance against the cost of dental treatment. For people insured with a private insurance 
company there is a third fee schedule, the UPT fees (listed in the Uniform Private Fee 
Schedule), which are generally higher than the TJZ fees. Dentists are legally required to 
follow the fees laid down in the three fee schedules. The dental services for people 
covered by the National Health Insurance, both adults and young people, are paid di-
rectly to the dentists by the National Health Insurance funds. People covered by private 
medical insurance companies initially pay for dental treatments themselves and are re-
imbursed later, provided they are insured against the cost of dental treatment. 
The structure of the financing of dental health care has been a political topic for 
many years. Circling around a number of key issues, which recur time and again, many 
options have passed in review. One of the key issues is the reduction of the large differ-
ence in treatment possibilities and fees for people covered by National Health Insurance 
and those covered by a private medical insurance company. This is why the example in 
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this section will focus on a variant with a 'basic insurance'. This basic insurance applies 
to everybody irrespective of age, income or attendance, thus eliminating, where dental 
care is concerned, the difference between NHI patients and privately insured patients. 
Many different variants are conceivable within the setting of a basic insurance. For in-
stance, there are various options with regard to which treatments should be covered by 
this basic insurance, the extent to which they should be reimbursed, the fees for treat-
ments that do and those that do not belong to the basic insurance package, and the 
package of a possible supplementary insurance. Obviously, the few examples discussed 
in this section can only cover a small number of the vast range of possibilities. The 
choices that had to be made were highly arbitrary. The only precondition was that the 
policy experiment selected should not be too extreme. The choice that was made should 
therefore not be seen as some kind of optimal choice; it is no more and no less than an 
example. In brief outline, the policy experiment was defined as follows: 
• A basic insurance system is introduced. This basic insurance applies to everybody, 
irrespective of age, income, or attendance behaviour and comes into effect on the 1st 
of January, 1995. 
• The basic insurance covers the following dental services: 
• consultation, diagnostics, prevention 
• referral, bite-wings 
• emergency care 
• restorations (both amalgam and composite) 
• root canal treatment 
• For restorations, a private contribution of 15% of the fee has to be paid by the pa-
tient. For all other treatments the basic insurance package reimburses the fee com-
pletely for everybody. 
• The fees for all treatments included in the basic insurance package are the TJZ fees. 
All treatments that do not belong to the basic package are charged according to the 
UPT fee schedule. 
9.3.2 Simulation results 
Each simulation generates a wide range of results. Which of these results are significant 
to health politician may vary per policy experiment. With regard to this and all the fol-
lowing experiments that are discussed here, attention shall always be paid to the conse-
quences of the experiment for the total cost of dental health care, to the way it is fi-
nanced from various sources, and to the consequences for the oral health of the popula-
tion. Furthermore, depending on the subject of the experiment, other significant results 
are looked into. Apart from looking at the results themselves, in most experiments, also 
the explanation of these results will be discussed. 
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Results with regard to the cost 
An important underlying motive for the discussions on the financing structure of dental 
health care is the wish to control the cost. An obvious first step is to look at how the 
total cost develops and how it is divided into publicly and privately paid costs. Because 
the terms used to describe the way the costs are paid in a situation with a basic insur-
ance system differ from those used within the current system, it is necessary to clearly 
define these terms in order to be able to compare the two. For this reason, solely for the 
purpose of this study, three different financing sources are distinguished. These are: re-
imbursement of the costs from collective means; private contributions by NHI patients, 
and private contributions by privately insured patients. 
Within the existing system, the collective costs are those that are paid for by the Na-
tional Health Insurance funds. The term 'own contributions NHI patients' refers to 
those costs people covered by National Health Insurance have to pay themselves. These 
can either be the costs of treatments the NHI only partially compensates for, in other 
words treatments for which a private contribution is due, or treatments that are not 
covered by the NHI at all, also referred to as private services for NHI patients. The 
costs of all treatments performed on patients insured with a private medical insurance 
company are labelled 'own contributions privately insured patients'. They therefore 
also include the payments of services to people insured with a private medical insur-
ance company which (partially) reimburses the cost of dental treatment. 
In a basic insurance system the 'collective costs' refer to all costs that are covered 
by the basic insurance. It therefore includes both former NHI patients and former pri-
vately insured patients. The 'own contributions NHI patients' include all payments to 
dentists made by patients formerly insured with the NHI. Likewise, the 'own contribu-
tions privately insured patients' include all payments to dentists made by former pri-
vately insured patients. 
In brief outline, table 9.1 represents the chosen methodology that enables the model 
to compare the financing sources in the two different health care insurance systems. 
Table 9.1 Survey of the classification of financing sources in the comparison between the base 
tun and policy experiments regarding a basic insurance. 
Current system 
NHI contribution 
Own contribution NHI pa-
tients 
All payments by private 
patients insured or not 
insured 
Comparison 
Collective costs 
Own contributions NHI 
patients 
Own contributions private 
patients 
Basic insurance system 
Contribution basic insur-
ance system 
Own contributions tonner 
NHI patients 
Own contributions former 
private patients 
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Using this rearrangement of the different financing sources, figure 9.9 represents the 
changes occurring in this policy experiment. 
1990 1995 2000 2005 2010 2015 2020 
Figure 9.9 Differences in the financing of dental health care compared to the base run. 
The figure shows that vast shifts will occur in the way dental health care is financed. 
Public expenditure on dental health care increases by approximately NLG 550 to 600 
million a year, while the own contribution of NHI patients increases by approximately 
NLG 240 million. The own contribution of privately insured patients, on the other 
hand, will decrease by approximately NLG 850 million. Compared to this, the differ-
ences in the total costs are almost negligible. In first instance, they will decrease by 
approximately NLG 70 million a year. In later years, the difference with the base run 
will be reduced to some NLG 20 million. 
The increase in the collective cost has two causes. Firstly, all former NHI patients 
will, with regard to those treatments that are included in the basic insurance package, 
fall under the TJZ fee schedule. These fees are higher than the fees that are currently 
charged to adult NHI patients. Secondly, part of the services supplied to former 
privately insured patients will also be paid for out of public means. This also partly 
explains the large decrease in the own contribution of former privately insured patients. 
This decrease is also the result of the fact that, when former privately insured patients 
do have to make own contributions, for instance for restorations, the TJZ fee schedule 
applies instead of the higher UPT fee schedule. In view of the vast shifts that take place, 
the minimal difference in the total costs can more or less be regarded as a coincidence. 
The increase in the cost as a result of the application of the TJZ fee schedule to people 
insured with the NHI almost balances the decrease in the cost as a result of the fact that 
the TJZ fee schedule replaces the UPT fee schedule with regard to privately insured 
people. 
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Results with regard to oral health 
This policy experiment shows that the introduction of a new financing system can also 
have consequences for oral health. The consequences for former NHI patients on the 
one hand and former privately insured patients on the other vary substantially. With re-
gard to former NHI patients visiting the dentist regularly, the differences with the base 
run are almost negligible. With former NHI patients visiting the dentist irregularly, the 
number of restored teeth will be slightly higher than in the base run. The difference will 
increase to a peak of 0.4 additional restored teeth in the age group of 65 and over. With 
regard to former privately insured patients, the differences are much more substantial. 
For regular as well as for irregular dental attenders the model shows an increase in the 
number of restored teeth at the expense of the number of extracted teeth. The increase 
in the number of restored teeth in comparison with the base run is highest in the age 
group of 65 and over, where it amounts to 2 teeth per person. Summarizing, it may be 
said that looking at the number of sound, decayed, restored and extracted teeth, the 
group that seems to profit most from the system change are the former privately insured 
patients, whereas for the group of former NHI patients there is a minimal positive effect 
for irregular dental attenders only. 
With regard to the older age groups, the periodontal variables show a slight increase 
in the percentage of people with deep pockets, amounting to a maximum of 2% among 
NHI patients and 4% among privately insured patients. Both groups are affected by the 
increased cost of periodontal treatments resulting from the system change. However, as 
the number of extracted teeth decreases among privately insured patients, this will also 
automatically lead to an increase in the number of teeth with pockets. 
If the percentage of edentulous people is taken as the reference point for the effect of 
this policy experiment on oral health, the overall image is less one-sided. Yet in this re-
spect too, those formerly insured with a private medical insurance company profit most 
(a decrease of 2.5%). The percentage of edentulous people among former NHI patients 
shows a decrease of at most 1.2%. 
9.3.3 Variant with complementary insurance 
If in the Netherlands a financing system for dental health care based on a basic insur-
ance is discussed, one of the issues is always that of complementary insurance. The un-
derlying thought is that, if patients arrange for complementary insurance against ex-
penses for treatments not or only partially covered by the basic insurance, this can 
strongly influence the demand for dental care. In turn, this can have major conse-
quences for the total cost of dental health care. In addition to the policy experiment de-
scribed above, it is therefore also useful to use the model for a variant with complemen-
tary insurance. This variant is characterized by the fact that all regular dental attenders, 
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that is all those dentate people visiting the dentist at least once a year for a regular 
check-up, are assumed to have arranged for complementary insurance. Through this 
complementary insurance people can recover their own contributions for restorations 
completely and can claim the cost of all other treatments the basic insurance does not 
cover for at all, for 75%. Contrary to what one might expect, the model does not ask for 
information regarding the premium rates for complementary insurance. The model is 
not capable of indicating to what extent the population would take out complementary 
insurance, given a particular insurance with a particular premium. It is up to the person 
carrying out a policy experiment, therefore, to indicate the extent to which parts of the 
population are expected to take out complementary insurance. As already mentioned, in 
this policy experiment it was opted for the assumption that all regular dental attendere 
would do so. Of course, this is a rather extreme assumption. The previous section dis-
cussed a variant that did not include any complementary insurance at all. Together with 
the variant in this section, it is possible to create a picture of the extreme values for the 
results of this policy experiment, between which the results will vary according to the 
varying interest in complementary insurance. 
Contrary to the previous section, the results presented here will not be compared to 
the base run, but to the main variant of the basic insurance model. This is the best way 
to provide an insight into the possible consequences of introducing complementary in-
surance. 
Results with regard to the cost 
Figure 9.10 shows how the financing of dental health care will develop under the influ-
ence of complementary insurance. 
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Figure 9.10 Financing of dental health care in a policy experiment with complementary insurance, 
compared to the main variant. 
IUUU 
[NLGxlO6] 
192 
Policy experiments 
A number of conclusions can be drawn from the figure. Firstly, the own contributions 
of former NHI patients and former privately insured patients decrease by approximately 
NLG 150 million a year. As the group of NHI patients is larger, the decrease per person 
is lower in this group. The total cost of dental health care will rise substantially. In the 
first instance, the difference will be in excess of NLG 500 million, but will later fall 
back to approximately NLG 250 million. This gradual reduction can be explained from 
the fact that dental practices will become overloaded with work, an issue that shall be 
addressed later on. 
Less obvious is that the collective costs of dental health care will decrease as a result 
of people taking out complementary insurances. This can be explained from the fact 
that a number of treatments, especially cast restorations, will suddenly become much 
cheaper for the patients, thus putting these treatments in a better position to compete 
with amalgam and composite restorations covered by the complementary insurance. 
A reliable estimate of the premium of the supplementary insurance can be made 
from the costs which this insurance has to cover. Initially, the costs the complementary 
insurance has to compensate for will amount to approximately NLG 950 million. As 
these costs will have to be paid by all regular dental attendere - about 9.9 million people 
in 1995 - this will result in a premium of NLG 95 per person. As the costs the comple-
mentary insurance has to compensate for will decrease in later years, and the number of 
regular dental attenders will increase, the premium required can gradually be reduced to 
NLG 59 in 2020. 
Explanation of the cost development 
The results show quite a dynamic development; after an initial sharp rise there appears 
to be a reaction which, among others, leads to a decrease in the total cost (compared to 
the main variant) and a decrease in the costs that are compensated for by the comple-
mentary insurance. The capacity utilization degree of dentist practices plays an impor-
tant part here. The introduction of a complementary insurance for a large part of the 
population leads to a substantial growth in the demand for dental treatments. As a re-
sult, dentists will be overloaded with work, which in rum will trigger an adaptation 
mechanism. By adapting their treatment plans and by working longer and faster, the 
strain on the capacity will be reduced. Dentists adapt their treatment plans and perform 
more treatments that require less time, less restorations and more extractions. These 
shifts in the treatment profile are shown in figure 9.11, which represents the percentile 
increase or decrease in the number of times a treatment is performed in the variant with 
complementary insurance as compared to the main variant. 
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Figure 9.1 la Changes in the treatment profile as a result of the introduction of a complementary 
insurance in comparison with the main variant. 
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Figure 9.1 lb Changes in the treatment profile as a result of the introduction of a complementary 
insurance in comparison with the main variant. 
120 
PD/frame 
Bridge 
Full dent. 
Full dent, 
edent. 
1990 1995 2000 2005 2010 2015 2020 
Figure 9.11c Changes in the treatment profile as a result of the introduction of a complementary 
insurance in comparison with the main variant. 
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Figure 9.11 shows that those treatments that are not covered by the basic insurance, yet 
for which the complementary insurance offers almost full compensation, will gain 
enormously in popularity. This especially applies to (cast) removable partial dentures 
and bridgework, but also to periodontal treatments and cast restorations. This increased 
popularity will lead to an additional time pressure on dentists and dental hygienists. 
Their response includes adapting their treatment plans. For almost all treatments, the 
consequences of the adaptation of the treatment plans will be evident in the second year 
following the system change; the adaptation will, in fact, lead to a reduction in the ini-
tial peak. 
Figure 9.12 shows the trend in the degree of capacity utilization of dentists. This 
figure also shows an initial peak with a reduction later on. (The formal definition of the 
capacity utilization degree is given in section 7.3.4. A capacity utilization degree above 
1 corresponds with a situation in which the workload is too high, while a capacity uti-
lization degree below 1 represents a situation in which less work is carried out than 
would be possible when working average hours.) 
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Figure 9.12 Difference in value between the capacity utilization degree in a policy experiment with 
complementary insurance and a policy experiment without this insurance expressed in 
percent points. 
Results with regard to oral health 
The consequences of the introduction of a complementary insurance for oral health are 
determined by the interaction between two factors working in opposite directions. On 
the one hand, the introduction of complementary insurance means dental health care 
will become cheaper for the patients, resulting in a situation in which treatments that 
would have been unattainable or that would have been postponed for financial reasons, 
now come within reach of people with complementary insurance. This has a positive 
effect on oral health. As a result of the consequent increase in demand, however, the 
dental health care system becomes overloaded as the supply cannot keep up with the 
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demand. This overload situation and the treatment adaptations following from it will 
have a negative effect on oral health. The resulting overall effect varies per population 
group and depends mainly on age and attendance behaviour. The effects are only 
marginal for the age groups up to 30 - 44. In the older age groups the overall tendency 
shows a slight negative effect for irregular dental attenders, mainly evident as a small 
increase in the number of extracted teeth. For regular dental attenders, the consequences 
are mainly positive: the number of extracted teeth drops slightly (a decrease of up to 0.8 
teeth). In the variant with the complementary insurance, due to the overload of the den-
tal health care system, the number of people becoming edentulous is higher than in the 
main variant, the difference reaching a ceiling at 3000 people a year which amounts to 
an increase of approximately 9%. This only has a limited influence on the number of 
edentulous people. In the age group of 65 and over, it increases by 0.5%. In the younger 
age groups the difference is negligible. 
9.3.4 Sensitivity analyses 
This section discusses the sensitivity of the results to changes in the parameters of the 
model. As the reactions of the patients to price changes play a key role in policy exper-
iments on insurance systems, attention will be focused here on an analysis of the reac-
tion of the model to changes in the size of the price sensitivities included in the model. 
This is not only relevant because these sensitivities play a major role in policy experi-
ments in which the prices change, but also because the data in the scientific literature 
are not coherent enough to come to an indisputable estimate of the price sensitivities. In 
other words, it is quite conceivable that the price sensitivities included in the model are 
in fact over- or underestimations of the real values. This is why the model was put 
through two additional experiments. In the first experiment all prices sensitivities were 
doubled, in the second they were halved. The analyses were carried out on the main 
variant as discussed in sections 9.3.1 and 9.3.2. It is not possible to construct a reliabili-
ty interval with regard to sensitivity analyses, as is usually done in statistical analyses. 
Although the two variants together do produce an interval, the chance that the real val-
ues of the variables will fall within this interval cannot be calculated. 
Because the values for the price sensitivities in the model are invariant with regard 
to time, they have to be adapted for the entire simulation period. This change is not re-
lated to the policy experiment itself and is therefore also carried out in the base run. 
This means that the results of, for instance, the policy experiment with a higher value 
for price sensitivities will be compared to the results of the base run in which this 
higher value for price sensitivities has also been introduced from the beginning of the 
simulation. This can be represented as follows: 
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Table 9.2 Structure of sensitivity analyses of policy experiment concerning basis insurance 
system. 
1 
2 
3 
Experiment 
Mam variant 
Main variant, price sensitivities χ 2 
Main variant, price sensitivities / 2 
Compare with 
Base run 
Base run, price sensitivities ж 2 
Base run, price sensitivities / 2 
These six different simulations enable us to make three comparisons (each comparison 
involving two simulations), the results of which are discussed below. 
Results with regard to the cost 
The four figures below indicate how, after the introduction of a basic insurance system, 
the financing of the cost of dental health care varies as a result of changes in the price 
sensitivities. 
Main variant 
Sens.*2 
Sens. /2 
τ 1 1 1 г 
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Figure 9.13 Effect of varying the price sensitivities on the costs financed from collective means. The 
values concern results of experiment - base run. 
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Figure 9.14 Effect of varying the price sensitivities on the costs paid by former NHI patients 
themselves. The values concern results of experiment - base run. 
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Figure 9.15 Effect of varying the price sensitivities on the costs paid by former privately insured 
patients themselves. The values concern results of experiment - base run. 
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Figure 9.16 Effect of varying the price sensitivities on the total cost of dental health care. The values 
concern results of experiment - base run. 
Although differences are evident when comparing the results to the original ones, the 
conclusion can nevertheless be drawn that the way in which the cost of dental health 
care is financed hardly varies as a result of changes in the price sensitivities. 
Results with regard to oral health 
The effects of this policy experiment show that variations in price sensitivities are more 
influential on oral health. Where, for former NHI patients visiting the dentist regularly, 
the main variant shows little influence on how the dentition is divided into sound, de­
cayed, restored and extracted teeth, there is a significant influence if the price sensitivi­
ty is doubled. For all adults in this group the number of restored teeth decreases, whilst 
number of decayed and extracted teeth increases. This decrease varies between 0.4 and 
0.8. On the other hand, the positive effects become stronger for the irregular dental at­
tendere in this group, leading to an increase in the number of restored teeth by a maxi-
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mum of 0.9 (being 0.4 with the original values for the price sensitivities). For former 
privately insured patients too, a higher sensitivity to prices enlarges the positive effects. 
For example, the increase in the number of restored teeth at the expense of the number 
of missing or decayed teeth, now has a maximum of 3, where it was previously 2. The 
policy experiment also shows consequences for the percentage of edentulous people 
within the group of former privately insured patients, which also varies with a higher 
sensitivity to prices. The percentage of edentulous people will fall by a maximum of 
4% in the age group of 65 and over (was 2.5%). With regard to former NHI patients, 
the decrease remains approximately 1 % at the most. 
A decrease in price sensitivities also changes the results of this policy experiment 
with regard to the influence on oral health. Only marginal changes take place in the di-
vision of teeth into sound, decayed, restored and extracted among former NHI patients 
visiting the dentist irregularly. This means that in this field, the policy experiment can 
now be characterized as having no significant effects for all former NHI patients. The 
effect also becomes smaller for former privately insured patients, be it that in this group 
the number of restored teeth increases by approximately 1 in the age group of 65 and 
over. The effect of this policy experiment on the percentage of edentulous people at a 
lower value for price sensitivities is now equally large for both former NHI patients and 
former privately insured patients, showing a decrease that reaches its peak at over 1 % 
in the oldest age group. 
9.3.5 Conclusions of this policy experiment 
First, a number of conclusions with regard to content will be drawn from this policy 
experiment on a basic insurance system. Subsequently, the conclusions that can be 
drawn from this policy experiment will be discussed in relation to the value of a policy 
experiment of this kind to a health politician. 
Conclusions with regard to content 
The survey below lists a number of insights that can be formulated on the basis of the 
described model analyses on the introduction of a basic insurance system. Unless stated 
otherwise, the conclusions result from a comparison between the main variant, that is 
without complementary insurance, and the base run. 
• The method of financing dental health care changes dramatically. Public expenditure 
on dental health care increases by approximately NLG 500 million a year, whereas 
the own contributions of former NHI patients increase by approximately NLG 250 
million. As former privately insured patients now receive reimbursement for part of 
the services provided to them, the total amount they have to pay themselves de-
creases by approximately NLG 850 million. It is quite remarkable that, despite all 
these major shifts, the total cost of dental health care hardly changes. It is reduced 
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slightly, the maximum reduction being NLG 70 million in the first year after the in-
troduction of the basic insurance system. 
• The consequences for oral health are less prominent. There is an overall improve-
ment in the oral health of former privately insured patients and NHI patients who are 
irregular dental attenders. The effects on the oral health of all other patients with a 
natural dentition are negligible. The percentage of edentulous people only decreases 
slightly for the group aged 65 and over, particularly those covered by private insur-
ance. 
• If the consequences for the financing are combined with those for the oral health, the 
policy experiment leads towards a positive assessment. A slight decrease in the cost 
of dental health care is coupled with an improvement in oral health. 
However, if one looks at the consequences for the separate groups of former NHI 
patients and former privately insured patients, the overall picture becomes less posi-
tive. Privately insured patients, who already have a better oral health status and who 
generally belong to the higher income categories, will benefit most in terms of the 
greatest improvement in oral health and a substantial reduction of the costs they 
have to pay themselves. On the other hand, former NHI patients are confronted with 
a rise in the costs they have to pay and they only see marginal improvements with 
regard to their oral health. 
The assumption that all regular dental attenders will take out complementary insurance, 
as described in section 9.3.3, clearly affects the results of the policy experiment. 
Comparing the results with those from the policy experiment without complementary 
insurance gives an indication for the consequences complementary insurance could 
have in this situation. 
• Due to the complementary insurance, the private payments of NHI patients as well 
as privately insured patients will be reduced by approximately NLG 150 million. 
Initially, the total cost will rise by almost NLG 600 million. The costs that have to 
be met by the complementary insurance will initially amount to over NLG 900 mil-
lion. The increase in the demand for care, due to the fact that there are no longer fi-
nancial barriers for most treatments, will lead to a situation in which the providers of 
care will be overloaded with work. This will be evident in an increase in the capaci-
ty utilization degree of dentists, which already exceeded 1, by 10%. The consequent 
adaptation mechanisms will lead to a fall in the total cost and in the cost of the 
complementary insurance. 
• For the age groups up to 30 - 44, the health effects of the complementary insurance 
are negligible. The older groups show a slight positive effect for regular dental at-
tenders, but slight negative effect for irregular dental attenders. These negative ef-
fects are indirectly caused by the mechanisms which compensate for the increased 
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workload, resulting from the increase in demand from people with a complementary 
insurance. In the group aged 65 and over, the percentage of edentulous people shows 
a slight rise: in 2020 this rise is 0.5%. 
• Summarizing, it means that if people take out complementary insurance en masse, 
this would lead to an increase in the cost of dental health care, without realizing any 
considerable oral health improvements. This may seem surprising, but can easily be 
explained from the negative consequences for the providers of care becoming over-
loaded with work. This means that the negative effects are not inherent to the com-
plementary insurance, but can be eliminated by restoring the balance between sup-
ply and demand. However, the problem is that a substantial increase in the supply of 
dental care would take many years, while arranging for complementary insurance 
could, within a short period, become an obvious choice for large parts of the popula-
tion. In other words, the introduction of a basic insurance with scope for a comple-
mentary insurance would make it very difficult to balance supply and demand in 
dental health care if it is not possible to properly estimate the popularity of the com-
plementary insurance beforehand. 
Conclusions regarding the value of the experiment for health politicians 
The introduction of a basic insurance system for dental health care as described in sec-
tion 9.3.1 would involve a major change compared to the current financing system. The 
most important change in the first instance is the fact that the entire population will ex-
perience a major shift in the price that has to be paid for treatments. Some treatments 
become more expensive, others become cheaper, and former NHI patients are required 
to pay private contributions for restorations which used to be free. It is very difficult to 
estimate the consequences of this development. Acquiring a clear insight into the con-
sequences of a change of this kind becomes even harder if one realizes that the price 
change will trigger a whole chain of additional developments. The reactions of the pa-
tients to the price changes, for instance, will affect the capacity utilization degree of 
dental practices and have consequences for the oral health of the population. This in 
turn will affect the supply of dental care. In other words, a change like this in the insur-
ance system will trigger a process involving a number of factors that mutually influence 
each other. This process cannot be fathomed without additional aids. Even the devel-
oped model is not capable of predicting exactly which long term consequences this 
change would have. What it is capable of is approximating the possible consequences 
of a system change for a number of important factors, like the total cost of dental health 
care, the way of financing it from different sources, oral health, and expected treatment 
patterns. Assessing the results given in this section and, for instance, checking the ex-
tent to which they meet expectations or, more importantly, which unexpected results 
occur, can provide a better insight into the consequences that can be expected when in-
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traducing a system change. Furthermore, sensitivity analyses and an analysis of differ-
ent variants (such as the one regarding supplementary insurance) offer the possibility of 
checking, in those fields that show a high degree of uncertainty, to what extent the re-
sults depend on these uncertain factors. 
9.4 Policy experiments regarding the balance of 
supply and demand 
In dental health care a major target in policy making is to realize a balance between 
supply and demand. In the Netherlands, too, a range of activities has been displayed in 
this field. Until the mid nineteen seventies there was a shortage of dentists. As a reac-
tion there was a constant expansion in the sixties: the number of dental training schools 
being increased from two to five, with a total intake of 465 first-year students a year. In 
this way the shortage in dental health care was rapidly resolved, but the late seventies 
also showed the first signs of a surplus of dentists. As a reaction the number of dental 
training schools was quickly reduced to two in the mid nineteen eighties, with a total in-
take of 120 students. (Eindrapport Adviescommissie Opleiding Tandarts [Final Report 
Advisory Commission Dental Education], 1985.) 
It is hardly possible to give a clearer example of a situation in which the 'steering' 
of a system which reacts only after considerable delay leads to overreactions if respons-
es are geared to the present situation instead of looking at the future. Unfortunately lit-
tle was learnt from the problems that were caused by a protracted expansion of the en-
rolment capacity. The reduction, which was the correct response to the over-capacity of 
the mid nineteen eighties, was too large. Since the late eighties the enrolment capacity 
has gradually been increased to 180, and it was even decided to reopen a third dental 
training school. The considerable reduction in training capacity was, therefore, another 
response which was too late and too extreme. History thus clearly shows that in this 
field of policy much can be gained by basing decisions on estimations of the future de-
mand for care, instead of on the current situation on the labour market of dentists and 
dental hygienists. 
This section deals with several policy experiments that show how the model could 
contribute to better decision-making regarding the regulation of the supply of care. As 
described in the introduction to this chapter these policy experiments will be of a pro-
jective character. 
9.4.1 Definition of the policy experiment 
Since this policy experiment is formulated as a projective policy experiment it is not 
determined by defining a number of changes in relation to the base run, but by a target 
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to be met by changing a set of model parameters. The policy experiment is formulated 
as follows: determine the number of dentists and dental hygienists that must be trained 
in order to meet the following conditions as fully as possible: 
• The delegation of work from dentists to dental hygienists is maximized as soon as 
possible, which means that the treatments 'calculus removal', 'oral hygiene instruc-
tion' and 'fluoride application' are fully performed by dental hygienists only and 
that of the treatment 'complex periodontal treatment' only those parts which dental 
hygienists are not allowed to do, such as periodontal surgery, are carried out by den-
tists. 
• The capacity utilization degree of dentists remains as close to 1 as possible during 
the simulation period. 
These two demands are the pivots of this policy experiment. However, a number of re-
marks on details of the experiment can be made: 
• The number of first-year dentistry and dental hygiene students can be altered from 
the year 1994/1995. 
• It is clear that a maximum deployment of dental hygienists can be reached quickest 
by admitting very high numbers of first-year students to the training courses. In 
principle, one class of a few thousand first-year students would suffice. However, 
this makes little sense. Therefore, the number of first-year students needs to be re-
stricted and in this study the number of 600 was chosen. This number is partly arbi-
trary and even this number is probably even too high to be realistic. However, it 
does have one advantage compared to substantially smaller numbers; namely, the 
point at which dentists no longer have to do work which can be delegated to dental 
hygienists is reached during this simulation period. 
• In case of a temporary surplus of dentists or dental hygienists the total enrolment 
capacity will not be reduced to 0, but to a minimum of 60. This minimum is arbi-
trary, but it is used to express the fact that it is not realistic to discontinue all training 
facilities if one or more will become necessary again a few years later. 
• Since the model automatically adjusts the amount of work performed by dental hy-
gienists to the available manpower potential, it is not necessary to demand the ca-
pacity utilization degree of dental hygienists to approximate 1. 
• Since the model cannot automatically find the best solution for a projective policy 
experiment, this has to be done by defining policy experiments manually. As this is 
a time-consuming procedure, it was decided not to carry through the demand for 
perfect solutions too far. The enrolment capacities are adjusted by steps of 10 at the 
least and the number of times that they can be adjusted within the simulation period 
is restricted. Of course this implies that the formulated target cannot be fully real-
ized but only approximated. 
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• As the intention is to meet the targets of the policy experiment by adapting the en-
rolment capacity, it is implicitly assumed that this is the only way to enlarge (or re-
duce) the supply of care. Of course this is the main policy instrument in this respect, 
but particularly the migration of dentists and dental hygienists can also have an in-
fluence. In this policy experiment this aspect is ignored. In other words, migration 
patterns remain as they are in the base run. 
9.4.2 Simulation results 
In a projective policy experiment the main results are the values found for the steering 
variables and the extent to which the target has been reached. These aspects will be dis-
cussed first. Then the consequences of these optimum enrolment capacities for dental 
health care are looked at. 
Solution found 
The steering variables in this policy experiment are the enrolment capacities of the den-
tal hygiene and dentistry studies. The resulting enrolment capacities, and the moments 
when they are to be changed on the basis of the results of this experiment, can be found 
in table 9.3. The actual enrolment capacities in the year 1993/1994 are 180 for the den-
tistry study and 144 for the dental hygiene study, respectively. 
Table 9.3 Resulting enrolment capacities for the dental hygiene study and the dentistry study in 
the projective policy experiment. 
Period 
1994/1995 - 2003/2004 
2004/2005 - 2005/2006 
2006/2007 - 2013/2014 
2014/2015 - 2019/2020 
Dental Hygiene 
600 
600 
280 
310 
Dentistry 
120 
400 
400 
400 
Total 
720 
1000 
680 
710 
Realization of targets 
The extent to which the two targets are realized is illustrated using several figures. The 
first figure shows the delegation of work from the dentist to the dental hygiënist for a 
random population group. The example in this figure deals with the frequency of calcu-
lus removal in NHI patients in the age group between 45 and 64 who are regular dental 
attendere. The figure clearly shows that as soon as the policy experiment leads to an in-
crease in the number of dental hygienists, the contribution of dentists to calculus re-
moval starts to drop considerably. Around the year 2009 the target situation of this pol-
icy experiment will be reached. At that moment the treatment will be exclusively per-
formed by dental hygienists, except for a slight contribution by dentists. This contribu-
tion remains, because it is not possible to generate a manpower potential of dental hy-
gienists that is, on the one hand, large enough to take over from dentists all the duties 
they can perform, without, on the other hand, creating a surplus work force. The picture 
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in this figure for a single treatment in a specific subgroup of the population is identical 
both for other treatments performed by dental hygienists and for other population 
groups. 
2-
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hygiënist 
Total 
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Figure 9.17 Calculus is removal per patient in the 45-64 age group, NHI insured, regular dental 
attendere in the projective policy experiment. 
Since the duties which are currently done by dentists but can be delegated to dental hy-
gienists are 'used up' from 2009 on, and the demand for dental care continues to grow, 
there will be an increasing need for dentists from that time. Therefore from the academ-
ic year 2004/2005 on, more dentists need to be trained in order to prevent overloading. 
The extent to which this is effective is illustrated in the following figure: 
1.05-*-
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Figure 9.18 Capacity utilization degree for dentists in the projective policy experiment. 
In this policy experiment the capacity utilization degree for dentists cannot be influ-
enced before the late 1990's. The figure shows a decline in the over-capacity from that 
moment. The capacity utilization degree remains close to 1 from that point onwards. 
With the exception of some years in which the deviation from 1 amounts to almost 
1.5%, the deviation is smaller than 1% for most of the time. 
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By showing the results for the enrolment capacities and illustrating the ways in 
which the maximum involvement of dental hygienists and the balancing of the capacity 
utilization of dentists are realized, this projective experiment can, in principle, be con-
sidered sufficiently described. But of course it is informative to see what consequences 
the realization of the targets of this policy experiment has for a number of other aspects 
of dental health care. As described in section 9.3, the cost of dental health care and the 
level of oral health are of primary concern. For this policy experiment, in particular, it 
is also informative to look at the relationship between dentists and dental hygienists. 
Consequences of the solution for the cost of dental health care 
With the increased enrolment capacities the total cost of dental health care rises to over 
NLG 2600 million in 2020. Figure 9.19 illustrates the difference with the base run. 
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Figure 9.19 Increase in the cost of dental health care in the projective policy experiment compared 
with the base run. 
In absolute terms the increase in the total cost is fairly high, but expressed in cost per 
dentate the picture is completely different. In this policy experiment the cost only 
slightly increases, from NLG 164 in 1990 to NLG 173 in 2020. This is a reflection of 
the fact that a capacity utilization degree near 1 enables the system to maintain the cur-
rent level of dental care. In contrast, in the base run the cost per dentate decreases to 
NLG 138 in 2020, as a consequence of the increasing discrepancy between an growing 
population size and a declining manpower potential. 
Consequences of the solution for oral health 
Compared with the base run, this policy experiment shows an improvement in oral 
health. The changes in pathology are most significant in the older age groups. Here the 
number of restored teeth increases at the expense of missing and decayed teeth. This 
difference grows to almost half a restored tooth per person in 2020. The number of 
people becoming edentulous each year gradually becomes smaller than in the base run: 
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Figure 9.20 Development of the number of new edentulous people per year in the projective policy 
experiment compared to the base run (difference expressed as a percentage). 
In absolute numbers this is a reduction in the number of new edentulous people per year 
by more than 5000 in 2020. However, this does not lead to substantial differences in the 
number of edentulous people. Changes in the number of people becoming edentulous 
only have a very slow effect, because this number, slightly less than 30000 a year, is 
very small compared to the number of people who are already edentulous (approxi-
mately 2 million). 
Side-effects of the solution 
In addition to the information regarding the consequences of the determined solution 
for oral health and the cost of dental health care, projective policy experiments also 
show effects on variables that are less prominent in other experiments. In this instance 
the effects concern the number of active dentists and dental hygienists. The following 
figure shows the development that is to be expected. 
8000- _ _ , 
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Figure 9.21 Total number of active dentists and dental hygienists in the projective policy 
experiment. 
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As a result of the sharp increase in the number of dental hygienists the number of hy-
gienists per 100 general dental practitioners grows from 13 in 1990 to 82 in 2010, after 
which it gradually falls to 74 in 2020. This shows that a projective policy experiment 
can reveal side-effects that are possibly less desired or unexpected. In formulating this 
policy experiment it was not immediately clear what influence the experiment would 
have on the relationship between the numbers of dentists and dental hygienists in gen-
eral practice. Figure 9.21 shows that this relationship will change strongly. Though the 
question of the optimum relationship between both professional groups is definitely be-
yond the scope of this study, it is not at all provocative to say that a ratio of 80 dental 
hygienists to 100 dentists seems hard to realize within the current work situation of 
dentists. For instance, a practical problem is that most practices are solo practices, with 
only one chair for treatment. This means that it would be extremely difficult to fit in 
large numbers of dental hygienists. It would only be possible if dentists would work 
less. This, however, would be totally at odds with the expected shortage of dental care. 
Therefore, it seems obvious to repeat this policy experiment, but this time in such a way 
that the relationship between both professional groups changes less drastically. 
9.4.3 Projective policy experiments, variant with an extra 
boundary condition 
9.4.3.1 Definition of the policy experiment 
The second projective policy experiment is defined as a supplement to the first, by the 
following boundary condition: 
• The number of dental hygienists in general practice, per 100 general dental practi-
tioners, may not exceed 50. 
For the sake of completeness the original targets are repeated here: 
• The deployment of dental hygienists is maximized as soon as possible, which means 
that the treatments 'calculus removal', 'oral hygiene instruction' and 'fluoride appli-
cation' are fully performed by dental hygienists and that of the treatment 'complex 
periodontal treatment' only these parts which dental hygienists are not allowed to 
do, such as periodontal surgery, are carried out by dentists. 
• The capacity utilization degree of dentists remains as close to 1 as possible during 
the simulation period. 
9.4.3.2 Simulation results 
Solution found 
The resulting enrolment capacities can be found in the table below. The actual enrol-
ment capacities in the year 1993/1994 are 180 for the dentistry study and 144 for the 
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dental hygiene study, respectively. 
Table 9.4 Resulting enrolment capacities for the dental hygiene study and the dentistry study in 
the projective policy experiment with a boundary condition. 
Period 
1994/1995 - 1995/1996 
1996/1997 - 1998/1999 
1999/2000 - 2001/2002 
2002/2003 - 2003/2004 
2004/2005 - 2013/2014 
2014/2015 - 2019/2020 
Dental Hygiene 
600 
600 
290 
290 
250 
290 
Dentistry 
180 
280 
280 
380 
380 
380 
Total 
780 
880 
570 
670 
630 
670 
Realization of the targets 
The figure below shows what influence the boundary condition has on the relationship 
between the number of dental hygienists and dentists in general practice. 
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Figure 9.22 Number of dental hygienists in general practice per 100 general dental practitioners. 
The picture is clear. After an initial period which is identical for both variants, the en-
rolment capacity in the variant with a boundary condition was selected in such a way 
that the proportion represented here levels off at 50 instead of growing to almost 80. 
From the year 2006 the value of the number concerned remains between 49 and 51. It 
can be noted that this stable relationship can only be reached by increasing the number 
of dental hygiene students after a stabilization period at the end of the simulation peri-
od. This is caused by the fact that the number of dentists has to grow, too, in order to 
maintain the balance between supply and demand given a limited involvement of dental 
hygienists. 
The extent to which the two targets are reached can be illustrated using several fig-
ures. Just as in the previous section, the first figure shows the substitution of work from 
the dentist to the dental hygiënist. The example in this figure concerns the frequency 
that calculus is removed in NHI patients in the age group between 45 and 64 who are 
regular dental attenders. Due to the boundary condition introduced in this variant it is 
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no longer possible to delegate this treatment completely from the dentist to the dental 
hygiënist. The picture for a single treatment in a specific subgroup of the population is 
completely similar both for the other treatments that may be performed by dental hy-
giéniste and for the rest of the population. Nearly 70% of all treatments suitable for del-
egation are actually performed by dental hygienists. 
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Figure 9.23 Calculus is removal per patient in 45-64 year-olds, NHI patients, regular dental 
attenders in the variant with a boundary condition. 
The extent to which the capacity utilization degree of dentists can be kept close to the 
equilibrium value of 1 can be seen in the following figure: 
1-05 TT 
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Figure 9.24 Capacity utilization degree for dentists in the variant with a boundary condition. 
Except for the initial period, in which the capacity utilization degree cannot be influ­
enced by training more dental hygienists or dentists, the capacity utilization degree re­
mains very close to 1. In some years the deviation is almost 2%, but the majority of the 
time it is smaller than 1 %. 
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Consequences of the boundary condition for the cost of dental health care and oral 
health 
It is interesting to look at the consequences of the results when introducing a boundary 
condition in this policy experiment. The differences that are found with respect to vari-
ables related to oral health are negligible. For instance, variables expressed in numbers 
of teeth per person show a difference which never exceeds 0.03. Of the variables related 
to fractions of the population the percentage of people with calculus shows the largest 
difference. However, this is only 0.3% at the most. 
The two variants show a difference in the cost of dental health care which gradually 
rises to almost NLG 150 million in 2020 (see figure 9.25). This amounts to a difference 
of almost 5%. Two factors play a part in this development. Firstly, the total manpower 
potential in the two variants is not always the same, which leads to differences both in 
the capacity utilization degree and the total turnover realized. Figure 9.26 shows how 
both capacity utilization degrees fluctuate over the simulation period. Secondly, one 
treatment, fluoride application, has a lower fee when performed by a dental hygiënist 
rather than a dentist. Since the boundary condition means that to an increasing extent 
fewer treatments can be delegated to dental hygienists than in the main variant, the cost 
tends to be increasingly higher in the variant with the boundary condition than in the 
main variant. 
[NLGxlO6] 
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Figure 9.25 Difference in total cost of dental health care in the variant with a boundary condition 
compared to the main variant. 
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Figure 9.26 Capacity utilization degree for dentists in the two projective policy experiments. 
9.4.4 Sensitivity analyses 
Within the scope of this study it is not possible to discuss all relevant sensitivity analy-
ses. The results of the policy experiments described in the previous section can be 
summarized with the observation that the capacities for the dentistry study and, particu-
larly, the dental hygiene study, should be substantially increased. Therefore it was de-
cided to discuss two sensitivity analyses with respect to changes in the model which 
might lead to a smaller increase in the need for dentists and dental hygienists. Analyses 
were chosen relating to the sensitivity of two variables: the incidence of caries and the 
average manpower potential of dental hygienists. Both sensitivity analyses are carried 
out as variants to the main variant, which means that the boundary condition concerning 
the number of dental hygienists in general dental practice per 100 general dental practi-
tioners is not taken into account. 
9.4.4.1 Decline in the incidence of caries 
In this sensitivity analysis the caries incidence declines by 50% in one fell swoop from 
1995. This relates to the whole population and to primary as well as secondary caries. 
This decline in the incidence of caries can rightly be called spectacular. In the past 
decades the prevalence of caries has been reduced substantially, but this reduction in 
the younger age groups seems to have levelled off or maybe even stopped, in the past 
few years. (Truin et al., 1994). An incidence of 50% under the current figure can 
therefore be considered an extreme value, which means that this sensitivity analysis 
shows the maximum effect on the results of the policy experiment. 
Solution found 
The resulting enrolment capacities can be found in table 9.5. 
212 
Main var. 
Bound, cond. 
Policy experiments 
Table 9.5 Resulting enrolment capacities for the dental hygiene study and the dentistry study in 
the main variant of the projective policy experiment and the variant with a 50% decline 
in the incidence of caries from 1995. 
Period 
1994/1995 · 2003/2004 
2004/2005 - 2007/2008 
2008/2009 - 2009/2010 
2010/2011 - 2019/2020 
Dental Hygiene Dentistry 
600 60 
600 330 
140 330 
340 330 
Total 
660 
930 
470 
670 
The figure below shows the difference between this variant and the original policy ex­
periment in one figure. 
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Figure 9.27 Enrolment capacities in the main variant of the projective policy experiment and the 
variant with a 50% decline in the incidence of caries from 1995. 
Figure 9.27 clearly illustrates that the optimum behaviour for the steering variables 
tends to be rather turbulent in character. Due to this it is hard to see the consequences 
for the resulting supply of dentists and dental hygienists. Table 9.6, therefore, presents 
the numbers of dentists and dental hygienists, working in general dental practice, for 
several years of the simulation period. 
Table 9.6 Total number of dentists and dental hygienists, working in general practice, in the main 
variant of the projective policy experiment and the variant with a 50% decline in the 
incidence of caries from 1995. 
1995 
2000 
2005 
2010 
2015 
2020 
Dentist 
Main variant 
6419 
6642 
6553 
6271 
6499 
6875 
ІПС -50% 
6420 
6637 
6353 
5917 
5969 
6106 
Dental hygiënist 
Main variant Ine -50% 
913 914 
2105 2100 
3873 3868 
5155 5319 
5140 5448 
5106 5512 
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Two conclusions can be drawn from this table. Firstly, the sharp decline in the inci-
dence of caries does not result in a much smaller demand for dentists. The extent of the 
decline shows that the demand for care supplied by dentists is not very sensitive to a 
decline in the incidence of caries. Secondly, a growing number of dental hygienists is 
required. This is partly due to an increase in the number of dentates. Moreover, it is 
very hard to train the exact number of dental hygienists required. Training too few 
dental hygienists means that the dentist still performs duties which could, in principle, 
be done by dental hygienists. Training too many dental hygienists means that there will 
be more dental hygienists on the labour market than the number required for the actual 
performance of work which they can do. Due to this, the optimum values will not be 
reached in all policy experiments. Consequently, the number of dental hygienists is not 
perfectly comparable between the various policy experiments. Due to this phenomenon 
a deviation of 100 to 200 dental hygienists compared to the perfect number is not un-
usual, which means that when comparing two policy experiments a difference of up to 
400 can be explained from the impossibility of training the exact number of dental hy-
gienists. 
9.4.4.2 Extending the manpower potential of dental hygienists 
In this sensitivity analysis the manpower potential of dental hygienists is adjusted to the 
level of dentists in one fell swoop from 1995. This implies, for instance, that female 
dental hygienists from the 30-34 age group working in general practice will spend as 
many hours on patient treatment as dentists from that age group. Applied to an increase 
in the manpower potential this means that this potential will grow by about 30%. By 
equating the manpower potential of dentists and dental hygienists in this sensitivity 
analysis a situation is created which can be considered rather extreme, just like in the 
previous section. 
Solution found 
The resulting enrolment capacities can be found in table 9.7. 
Table 9.7 Enrolment capacities for the dental hygiene study and the dentistry study in the main 
variant of the projective policy experiment and the variant with an increased manpower 
potential for dental hygienists. 
Period 
1994/1995 - 1999/2000 
2000/2001 - 2001/2002 
2002/2003 - 2004/2005 
2005/2006 - 2006/2007 
2007 /2008 - 2019/2020 
Dental Hygiene 
600 
600 
140 
310 
310 
Dentistry 
60 
400 
400 
400 
340 
Total 
660 
1000 
540 
710 
650 
Figure 9.28 illustrates the difference between this variant and the original policy exper-
iment in one figure. 
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Figure 9.28 Enrolment capacities in the main variant of the projective policy experiment and the 
variant with an increased manpower potential for dental hygienists. 
Table 9.8 shows the numbers of dentists and dental hygienists, active in general dental 
practice, for several years of the simulation period. 
Table 9.8 Number of dentists and dental hygienists, active in general practice, in the main variant 
of the projective policy experiment and the variant with an increased manpower 
potential for dental hygienists. 
1995 
2000 
2005 
2010 
2015 
2020 
Dentist 
Main variant Potential* 
6419 6419 
6642 6637 
6553 6319 
6271 6530 
6499 6909 
6875 7198 
Dental hygiënist 
Main variant Potential* 
913 913 
2105 2105 
3873 3927 
5155 3970 
5140 4285 
5106 4455 
The decline in the number of dental hygienists is in line with what could be expected, 
albeit somewhat smaller than might be obvious. This is particularly due to the fact that 
the variant with the increased manpower potential was more successful in delegating all 
possible activities from the dentist to the dental hygiënist. There is a surprising increase 
in the number of dentists. There are two explanations for this. Firstly, the 'right' num-
ber of dentists, too, is not reached perfectly, which leads to slight incomparabilities be-
tween the policy experiments. A policy experiment was considered adequate if the de-
viation was smaller than 1% for most of the time. This explains a deviation of 2% be-
tween two policy experiments, which corresponds to approximately 130 dentists. 
However, the difference is clearly larger, which is caused by the fact that another phe-
nomenon plays a role. In the model dentists adapt their way of working if they tend to 
be overloaded or if their income drops too much. In both cases this has a lasting influ-
ence on the treatment profile. Thus, a period with a declining income leads to an ad-
ouu 
[students] 
500 
*x*-x-*x-x-x-x-x-x-x-s 
Д А Л А á - á á - Ь 
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justment of the treatment profile which is beneficial to the income. As a result the total 
amount of work performed grows, even if the capacity utilization degree later comes 
close to the equilibrium value of 1. 
9.4.4.3 Conclusion of the sensitivity analyses 
The results of this policy experiment appear more or less insensitive to strong changes 
in the incidence of caries. An increase in the manpower potential of dental hygienists 
shows a more complicated picture. The decline in the number of required dental 
hygienists corresponds to the increase in manpower potential. However, this analysis 
produced one side-effect, namely that although no effect on the total number of 
required dentists was expected, this effect was nevertheless visible. This is caused by 
the fact that in this policy experiment in which the degree of capacity utilization is more 
or less stabilized, deviations from the equilibrium value appear to remain influential for 
a long time. Therefore it can be concluded that the behaviour of the model is sensitive 
to aspects which affect the relationship between supply and demand. 
9.4.5 Conclusions from the policy experiment 
A number of conclusions with respect to content will be drawn from this policy exper-
iment, too. After that, attention will be paid to the conclusions from this policy experi-
ment concerning the value of such policy experiments for a health politician. 
Conclusions with regard to content from this experiment 
A number of conclusions can be drawn from this experiment. The principal conclusions 
are the following: 
• A situation in which all the work that can be performed by dental hygienists is in-
deed done by them will only be reached around the year 2009, even if the enrolment 
capacity of the dental hygiene training courses is extended to 600 from the academic 
year 1994/1995 on. 
The required enrolment capacities to reach this target are as follows: 
Period 
1994/1995 - 2003/2004 
2004/2005 - 2005/2006 
2006/2007 - 2013/2014 
2014/2015 - 2019/2020 
Dental Hygiene 
600 
600 
280 
310 
Dentistry 
120 
400 
400 
400 
Total 
720 
1000 
660 
710 
• The results indicate that proposals regarding the extension of the responsibility 
package of dental hygienists with a view to extending the amount of delegable work 
can hardly be effective. The amount of work not yet delegated is much larger than 
the total manpower potential of dental hygienists. 
• A maximum delegation of activities to dental hygienists, given their present respon-
sibility package, will only be reached with a ratio of approximately 80 dental hy-
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gienists to 100 dentists. 
• Adapting the supply of care to the demand for care leads to an increase in the total 
cost of dental health care by NLG 500 million compared to the base run which is 
characterized by an overloaded care system. However, if the costs per dentate are 
looked at, this increase disappears for the most part and turns into an increase of 5%, 
whereas in the base run the cost per dentate declines by approximately 16%. 
• If the policy experiment is extended by the requirement that the number of dental 
hygienists per 100 dentists may be 50 at the maximum, this results in the following 
enrolment capacities which approach the desired target as much as possible: 
Period 
1994/1995 - 1995/1996 
1996/1997 - 199B/1999 
1999/2000 - 2001/2002 
2002/2003 - 2003/2004 
2004/2005 - 2013/2014 
2014/2015 - 2019/2020 
Dental Hygiene 
600 
600 
290 
290 
250 
290 
Dentistry 
180 
280 
280 
380 
380 
380 
Total 
780 
880 
570 
670 
630 
670 
• Restricting the number of dental hygienists per 100 dentists has only marginal con-
sequences for oral health. The largest effect can be seen in the total cost of dental 
health care. Whereas in the first variant this increases by over NLG 500 million, the 
restriction leads to an increase of almost NLG 650 million. The difference of ap-
proximately NLG 130 million is mainly due to the fact that one treatment, fluoride 
application, is cheaper if performed by dental hygienists than by dentists. Due to the 
restriction there is no maximum delegation. Delegation stops at almost 70%. 
• The presented sensitivity analyses relating to a decline in the incidence of caries and 
an increase in the manpower potential of dental hygienists show that particularly the 
declined caries incidence has a limited effect on the need for dental hygienists and 
dentists. An increased manpower potential of dental hygienists naturally leads to a 
decline in the need for dental hygienists. This decline is reasonably proportional to 
the increase in the manpower potential. 
Indirectly, too, this analysis shows that the results are fairly sensitive to disturbances 
in the relationship between supply and demand. 
• All experiments taken together show that a balance between supply and the demand 
expected can only be reached by a substantial increase in the enrolment capacities of 
the dentistry and dental hygiene studies. This does not mean that an extension is 
needed under all circumstances. Situations which lead to a substantial drop in de-
mand were not looked at. Although the analysis with the declined caries incidence 
shows that a great drop in demand cannot be expected on these grounds this cannot 
be totally excluded. Substantial changes in the insurance system, in particular, may 
well lead to a drop in demand. 
217 
Policy experiments 
Conclusions about the value of the experiment for health politicians 
In addition to the conclusions about the balance between supply and demand which can 
be drawn from these policy experiments, some remarks about the use of projective poli-
cy experiments can be added. Projective policy experiments are potentially very useful 
for health politicians. If a health politician has enough confidence in a model which 
gives an unambiguous and feasible answer to the question how to reach an objective, a 
situation is reached that can hardly be improved from the point of view of the health 
politician. However, on the basis of the analyses carried out it is prudent to make a few 
comments regarding the workability of projective policy experiments. 
• A practical problem is that projective policy experiments are very elaborate. They 
are very time-consuming if it is not possible to let the model itself find the optimum 
steering variables and this has to be done by a series of iterative policy experiments. 
Each of the projective policy experiments carried out here required some dozens of 
simulations before finding a satisfactory choice for the steering variable. 
• A practical disadvantage is that it is often difficult to define the boundary condi-
tions. A projective policy experiment may well lead to a simulation run which, on 
second thought, produces unacceptable side-effects, which make the value of the 
Optimum' policy experiment questionable. 
• The determined solutions have a fairly turbulent character. The enrolment capacities 
often change by leaps and bounds. Due to this the optimum solution is hardly or not 
at all workable. If in one year the enrolment capacity falls from 600 to 140, then it is 
obvious to suppose that an intermediate step of 350, continued for two years, would 
yield only slightly different results but would be much more workable. This also 
brings to light a major methodological problem: the question of the uniqueness of 
the solution. There is no guarantee whatsoever that there is only one solution to the 
problem. Yet the result consists of only one solution. This means that other solutions 
may remain hidden, and no information is obtained about these solutions. They may 
well be more workable or may show much better model behaviour. 
• In exploratory policy experiments a comparison of various experiments is often 
most informative. In projective policy experiments this is much harder. In the first 
place the examples show that the degree to which the target is reached differs. As a 
consequence it is not possible to attribute differences in, for instance, the cost of 
dental health care to the different solutions, for these may well be affected by the 
differences in the degree to which the targets are reached. This is made even worse 
by the fact that in a projective policy experiment the behaviour of the steering vari-
ables is mostly very complicated. This makes it much more difficult to see the rela-
tionship between the induced changes and the ensuing model results. To put it 
briefly, projective policy experiments are less suitable for gaining insight into the re-
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lationships between a change of policy and the possible consequences of that 
change. 
• The solution found is only relevant to a health politician if the latter has sufficient 
confidence in the predictive value of the model. As a policy problem becomes more 
complicated and offers more uncertainties, the predictive value of models for that 
problem decreases. There is not enough evidence that the predictive value of the 
model described in this study is thus sufficient for the determined solutions for the 
enrolment capacities to be carried out right away. And this leaving aside problems 
concerning the workability of these solutions. 
Looking at the policy experiment in this example and at the remarks on projective poli-
cy experiments, it is hardly realistic to present the determined solution as a serious op-
tion for policy. A more general view of the determined enrolment capacities, however, 
gives an impression of the direction in which the enrolment capacities must be adapted 
in order to approach the policy targets. In itself this is valuable information for a health 
politician. Since the experiments also yield information about the side-effects of the 
changes in the enrolment capacities which are hardly or not foreseeable without the 
help of the model, these projective experiments can also have their value for health 
politicians. 
9.5 Conclusion 
In this chapter a limited number of policy experiments have been analyzed. The aim of 
the analysis was to examine the utility of the model by carrying out policy experiments 
in relevant fields, which yield information which is interpretable and relevant for health 
politicians. The question whether policy experiments can be carried out in relevant 
fields is fairly easy to answer. The two selected policy fields, the financing of dental 
health care and the gearing of supply and demand, are more ore less constant subjects 
of discussion and certainly relevant for health politicians in dental health care. 
The second question which needs to be answered is whether the results of the two 
policy experiments are interpretable and relevant for health politicians. The inter-
pretability of the results for health politicians can be determined from the conclusions 
formulated in the policy experiments. For the experiments described in this study it is 
possible to interpret and formulate the quantitative results of the model into clear con-
clusions. This is true, in particular, for exploratory policy experiments; clear conclu-
sions appear to be much more difficult to obtain from projective policy experiments. 
This demonstrates, at least for these examples, that particularly if the policy experi-
ments are formulated in an exploratory way the results can be expressed in a form 
which can be interpreted by health politicians. (Whether health politicians can do this 
themselves is a question which cannot be answered on the basis of this study.) 
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Deciding whether the results are relevant for health politicians is difficult. The first 
impression is that the two main sorts of results, concerning the cost and financing of 
dental health care and the effects on oral health, can clearly be characterized as rele-
vant. These variables are indispensable in the discussions concerning the system of 
dental health care. Derived results, too, such as treatment profiles or the capacity uti-
lization degree of dental practices will be interesting for (some) health politicians. 
However the question remains whether in the views of health politicians there are other 
results which they consider essential for their policy considerations and which are miss-
ing in the model results. Since health politicians do not always make their considera-
tions public it is not possible to give a definitive answer to this. The examples discussed 
here, or whatever other examples are chosen, can only show that a wide scale of results 
can be obtained, the most important of which can certainly be defined as relevant. 
Whether results are missing according to health politicians cannot generally be deter-
mined. This is probably the case with many policy experiments. However, it should not 
be forgotten that this is the price which must irrevocably be paid for working with a 
model which is, by definition, a simplified reflection of reality. 
In summary, in so far as this can be shown by a few examples, it can be concluded 
that the developed model can be used to carry out relevant policy experiments. The re-
sults are interpretable, particularly if the experiments have an exploratory character. 
The results can also be characterized as relevant. However, it is not clear what gaps the 
model results may have in the views of health politicians. 
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Discussion 
This thesis originates from the fact that dental health care as a field of policy is charac-
terized by its complexity. It describes the development of an instrument aimed at pro-
viding health politicians with a tool that can make their work easier. The preceding 
chapters focused on the way in which the model was developed and tested. This final 
chapter will concentrate on a valuation of this work. An attempt will be made to define 
the value of the model based on a discussion of its strengths and weaknesses. Then this 
project is compared to research in similar fields and it will be discussed to what extent 
the methods used in this research can be generalized. Finally some subjects for further 
research will be addressed. 
10.1 Valuation of the model 
Essentially the strength of the present model lies in the fact that it fills a number of gaps 
in the range of possibilities available to health politicians and other interested parties, 
such as scientists, in the field of dental health care. In this respect two different contri-
butions can be distinguished. 
Firstly, dental health care is such an extensive field that it is very hard to obtain an 
overall view and to integrate all the knowledge supplied from the various disciplines. 
Ideally, a health politician should have knowledge of, among others, financial and eco-
nomic aspects, demographic data both on the dental labour force and the population as 
a whole, the aetiology of dental disorders, the effectiveness of treatments and preven-
tive measures and of socio-scientific insights. The model as presented here can be seen 
as an integrated complex of knowledge containing a much greater part of all relevant 
knowledge on dental health care than any one person without tools could assimilate us-
ing solely his own mental model. Moreover, the explicit and public character of this 
knowledge facilitates a discussion about the varying views concerning processes within 
the dental health care system. An example of the way in which the model can be helpful 
to structure such discussion concerns the estimation of the manpower potential of den-
tists. In the discussion with the scenario committee on this subject it proved to be very 
hard to list all the factors that determine how much time a dentist can spend on patient 
treatment. Owing to the different backgrounds and interests of the members of the sce-
nario committee it turned out to be very difficult to reach agreement on which factors 
are predominant, how they relate to each other, the extent to which an exact estimation 
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of all relationships is necessary and even about the interpretation of commonly used 
terms and concepts. This confusion was not seen during the study conferences that were 
held after the conclusion of the project, attended by 50 to 100 participants from various 
organizations involved in the field of policy of dental health care. The availability of an 
integrated complex of systematically-ordered and relevant information reduced the con-
fusion and, more than this, made it possible to restrict the discussion to pertinent mat-
ters. For instance, the model showed that the uncertainty about absenteeism paled into 
insignificance in comparison with the effect that an increase or decrease in the number 
of working hours per female dentist can have. Another example of the value of this 
model as an integrated complex of knowledge is its suitability in detecting blind spots 
in the knowledge about elements of the dental health care system. During the design of 
the model the necessity of a wide range of information was clearly demonstrated, and it 
became clear that information needed to describe the dental health care system was 
lacking. An example was the effectiveness of preventive and curative treatment of peri-
odontal diseases at the population level. When, for instance, the effect of large-scale 
calculus removal on the incidence of pockets had to be quantified, these data could not 
be obtained either from the literature or from consulting with experts. The value of the 
model as a tool in the integration of knowledge can be characterized as the static use of 
the model. 
Secondly, in addition to its static use, the model can also be employed for its explicit 
dynamic characteristics. As policy decisions can have consequences over a very long 
period - take changes in the insurance system, adjustments in the enrolment capacity, or 
the introduction of new professional groups - a health politician should use a wide time 
span in his considerations. Therefore a thorough understanding of the dynamics of the 
dental health care system is a prerequisite for a well-balanced policy. This can be 
gained by carrying out policy experiments with the model. In chapter 9 a number of 
policy experiments have been discussed in detail, as has the way in which these exper-
iments should be treated. It is obvious that a health politician would prefer to know the 
exact consequences of a policy intervention on a time scale of 25 years or more. In 
chapter 9 it is argued that a model cannot show this with equal precision for all aspects. 
Whereas the degree of uncertainty is fairly restricted as far as demographic factors are 
concerned, other developments, in the field of pathology for instance, allow less precise 
forecasts of the distant future. Yet the model can still offer valuable support in these 
cases. This can be shown by an example about policy towards the enrolment capacity of 
dentist training courses. The aim of this policy is fairly simple and undisputed: a situa-
tion in which the number of professionally-active dentists, together with other profes-
sionals working in dental health care, can meet the demand for dental care. A surplus of 
dentists can lead to unemployment or over-treatment; a shortage can lead to under -
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treatment, poor accessibility of dental health care and a deterioration in oral health. 
Nevertheless, in the past decades this goal has only been reached to a limited extent. A 
period characterized by a shortage of dentists - from the nineteen sixties until the late 
nineteen seventies - was followed by a period in which there was a reservoir of unem-
ployed dentists - during most of the nineteen eighties. The aim of the policy was only 
achieved during short periods, during the transition from a shortage into a surplus of 
dentists or vice versa (in the late nineteen seventies and early nineteen nineties). The 
limited realization of this policy aim was not due to a lack of policy instruments. By 
varying the enrolment capacity of the dentist training courses the government can 
strongly influence the number of professionally active dentists. The problem is due to 
the slow impact of this influence. A decision to change the enrolment capacity does not 
have a significant influence on the number of professionally-active dentists until some 
15 years later (see chapter 1). The strategy towards the enrolment capacity can be 
summed up by the following simple rule of thumb: if there is a shortage of dentists 
more dentists need to be trained; if there is a surplus of dentists the enrolment capacity 
needs to be reduced. Taking the current situation on the labour market as the starting 
point for a policy which will not have any effect until years later completely neglects 
the dynamics of this policy field. Although the model cannot predict the exact number 
of dentists which will be needed in 25 years' time, it can show perfectly well how the 
balance between supply and demand will change in the future. Moreover, it indicates to 
what extent an adjustment in the enrolment capacity can correct this uneven balance. Of 
course this indication is not perfect, but by repeating the analysis at intervals of several 
years, one can reach a situation in which both the policy aim is (and remains!) approxi-
mated much better and large fluctuations in the enrolment capacity, such as occurred in 
the past, can be prevented. The value of this use of the model has already been demon-
strated very explicitly. After a discussion among all interested parties on the basis of 
numerous policy experiments which were described in the STG report "Future 
Scenarios Dental Health Care; An Exploration of the 1990-2020 Period", the govern-
ment decided in 1994 to enlarge the enrolment capacity for dentists and dental hygien-
ists by starting a third dental school. Given the fact that there were no large shortages in 
the supply of dental health care at that time, one can conclude that health politicians 
obviously do now have a better understanding of the dynamics of their policy field. 
Despite the possibilities the model offers and the influence it has already had on de-
cision-making, it does have its restrictions. The value of the model is mainly based on 
its comprehensive character. However, this also has drawbacks. As a result of its com-
prehensiveness the model has a certain aggregation level, which makes specification 
difficult. This can be seen in various fields. Firstly, the population has only been divid-
ed into subpopulations of certain size and detail. Groups within these subpopulations 
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are more or less invisible, they disappear into the larger subpopulation they belong to. 
In this respect one can think of handicapped people, high-risk groups or minorities, but 
also of regions with characteristic features that are no longer visible in the model. Of 
course specific groups do influence the average values of the larger group which they 
belong to, but they are not recognizable as such. Policy development aimed at specific 
subgroups can therefore take less advantage of the model. This does not mean that the 
policy towards such specific groups cannot have any benefit from the results of the 
model. For instance, the tension which the model shows between a decreasing supply of 
care and a growing population of dentates can be translated into the view that in the 
future extra policy efforts will be needed to guarantee dental care for groups that are 
harder to treat, such as young children and handicapped people. Secondly, the relatively 
high aggregation level influences the modelling of the dental workforce. A number of 
characteristics of the workforce have not been included in the model. For instance, the 
size of the practice, the composition of the patient population of that practice and 
whether or not the dentist (or dental hygiënist) practises on his own or in a group. 
Therefore the model cannot show, for instance, if a change in the insurance system 
would have different consequences for dentists treating mainly NHI-covered patients 
compared with dentists treating mainly privately insured patients. 
Quite another restriction of the model is rooted in the way in which it was devel-
oped. The model has been developed by relative outsiders in the political interplay of 
forces around the dental health care system. This offers a number of advantages, for in-
stance, reinforcement of the objective character of the model and a well-balanced use of 
information from different sources. However, a disadvantage of this approach is that 
health politicians can be tempted to take a noncommittal attitude, particularly if the 
model leads (or even might lead) to results which are less desirable for certain groups. 
This can easily lead to results being ignored, irrespective of their validity. This draw-
back can be partially met in a number of ways. Firstly, public support for the model can 
be increased by participatory model design. As has been described in chapter 2, a form 
of participative model building was used, mainly taking shape through the STG project. 
Acceptance of the model was stimulated by involving a number of parties which were 
regarded as potential users of the model. (Not to mention the positive influence of this 
approach on the modelling itself.) This involvement seems to have had a positive con-
tribution on the value of the whole in the eyes of the ultimate target group: health 
politicians in dental health care. A totally different way of reducing the noncommittal 
attitude of health politicians is the way in which the results are treated. For instance, the 
choice can be made to publish many of the results. This makes it harder for one single 
party to ignore the results. This approach was followed in the STG project. An attempt 
was made to improve the discussions on dental health care by providing all parties with 
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information based on a large number of exploratory policy experiments dealing with the 
relationships between a wide range of policy options and their consequences. This ap-
proach seems to have been particularly fruitful with respect to the balance between the 
supply of care and the demand for care. (Consider the aforementioned influence of the 
STG report on decision making with respect to the enrolment capacity of the training 
courses for dentists and dental hygienists.) In other fields the effects of the STG report 
are less clear, but it certainly looks as if not all of the published results have been re-
ceived equally well. 
Finally another aspect which may influence the use of the model negatively must be 
mentioned: the fact that it is based on a methodology unfamiliar to the target group. 
This makes it harder for the target group to interpret the results and means that special-
ists, for instance the designers of the model, need to play an intermediary role between 
the model and health politicians. Although without doubt the model can be simplified 
without essentially damaging its descriptive value, it does not seem possible to simplify 
the model to such an extent that it is directly accessible to health politicians without any 
help. This means that if health politicians want to use the model directly they have to 
invest time and effort in studying the methodology which was used. Of course this 
problem is reciprocal. If health politicians are not familiar with the methodology they 
will be less inclined to see the use of the model; on the other hand, if they do not see 
what use the model can have, they will be less prepared to make themselves familiar 
with the methodology. 
Weighing the pros and cons it can be said that the model is suitable as an instrument 
to support health politicians. This is mainly true with respect to policy which has a 
relative high aggregation level. Policy oriented at small subgroups of the population or 
at specific subgroups of the suppliers of dental care can only be supported by the model 
to a limited extent. Moreover, it should be noted that the model cannot give a good in-
dication of the consequences of radical interventions in the existing structures. 
However, this is not due to a limitation of the model, but to the fact that there is little or 
no knowledge on the functioning of the dental health care system in a totally different 
structure. The major obstacle to the use of the model seems to be the potential users' 
unfamiliarity with the methods. Most health politicians are not capable of starting poli-
cy experiments without making a substantial time investment themselves and without 
support from the designers of the model. Although the model and the methods underly-
ing it have become widely known through the STG project, this does not make it suit-
able for day-to-day policy support. 
Although there are no other models which are fully comparable to the developed 
model, the development of models for dental health care systems is of relatively long 
standing. The majority of these models focus on one theme, namely the balance of sup-
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ply and demand, with the emphasis on the steering of supply. An exhaustive survey of 
work in this field, albeit with an emphasis on the American situation, was written by 
Goodman and Weynant (1990). In principle, the issue of policy regarding supply and 
demand requires an approach which takes many different factors into consideration, 
such as developments in pathology, economic developments, changes in the general at-
titude towards health and self care, demographic aspects and factors that influence 
manpower potential with respect to dental care. Generally these models can be de-
scribed as an attempt to determine, in some way or another, the amount of dental care 
which will be needed in the future. This is subsequently translated in the number of 
necessary dentists or possibly other professionals. These numbers can then be translated 
into enrolment capacities. The methods of estimating the amount of care needed in the 
future vary considerably. A number of mainstream trends can be distinguished. For in-
stance, dentist-population ratios have been used for a very long time to transform de-
mographic expectations into numbers of dentists. Though this approach has significant 
shortcomings - see, for instance, Goodman and Weynant (1990) - this method is still 
practised very widely because of its simplicity. Secondly, one can distinguish demand-
based models, which focus on economic factors and try to describe how these factors 
can affect the demand for care. Issues such as developments in the productivity of the 
suppliers of care are often explicitly included in these models. Epidemiological data 
play a limited role in this approach. Such models can be seen as a refinement of the 
simple approach based on dentist-population ratios. Finally, a popular approach centres 
on the estimation of the future 'need' on the basis of professional standards. This ap-
proach focuses on projections of epidemiological results. Apart from the fact that these 
projections are far from easy, the fundamental problem is that a translation of 'need' 
into 'demand' is very hard to make. The amount of care which is actually supplied de-
pends on a lot more factors than 'need' alone. Another crucial problem regarding an 
approach which centres on projections of need or demand is that need and demand are 
seen as independent of the supply of dental care. The implication is that there would be 
no connection between developments in the oral health of a population and the supply 
of dental care. 
In collaboration with the FDI, the WHO has also developed a model for planning 
purposes (Health through Oral Health; Guidelines for Planning and Monitoring for Oral 
Health Care, WHO, 1989) which can be seen as a demand-based model. This model is 
fairly simple and is designed as a generic model which can be fed with data from the 
health politician's own country. Bronkhorst et al. (1991) have already discussed the re-
strictions of the approach which underlies the WHO/FDI model in detail. Put briefly, 
the fact that the user has to assess future prevalence levels and that there is no relation-
ship between the supply of care and development in oral health, severely limit the value 
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of the model. 
In spite of the dominance of approaches based on the classic distinction between a 
dependent variable (the number of dentists) and a number of independent variables 
which approach the policy problem from a specific sub-aspect, the model which is de-
scribed in this thesis is not the first to have deviated from this approach. In the nineteen 
seventies Pugh-Roberts (Hirsch, 1975) developed a model which had much in common 
with the model described in this thesis. This model, too, was developed in the form of a 
simulation model on the basis of system dynamics and included a very wide range of 
factors. But the Pugh-Roberts model was not very successful. Apart from intrinsic prob-
lems, such as a lack of data to validate the model, the lack of success can at least partly 
be blamed on the limited accessibility of the final product (Marcus and Drabek, 1978). 
10.2 Methodological results 
The valuation of the contribution of complex system dynamic models as an aid in com-
plex fields of policy has varied considerably. In the beginning, when these techniques 
were first introduced outside their traditional scientific fields of application, hopes were 
running high. Very complex systems were moulded into models which were expected 
to provide a reliable description of all kinds of future developments. These high hopes 
were hardly if ever met and the predominant mood turned to scepticism. The general 
feeling was that complex models tended to get bogged down in irrelevant details, the 
validation phase always ran up against a huge lack of data and the translation of results 
to policy makers was seriously hampered by the complexity of the whole (Meadows 
and Robinson, 1985). The model whose development has been described in this thesis 
has shown that the future of complex system dynamic models need not be that bleak. It 
proved to be possible to develop a model which has enough qualities to serve as an in-
strument for policy support with respect to a wide range of issues in dental health care. 
Although the question of the suitability of the model for everyday policy support cannot 
yet be affirmed, the model has already directly influenced decision making with respect 
to the planning of the supply of dental care. There is no simple answer to the question 
why this project was more successful than might have been expected. Yet a number of 
factors can be indicated which may well have had a positive influence. 
• Dental health care as a field of policy is fairly well demarcated. Although numerous 
factors play a role within this field of policy, the interaction with, for instance, other 
branches of health care or, for instance, the influence of international developments 
is rather limited. Therefore, it is possible to define limits to the model which are 
relatively undisputed and do not arbitrarily exclude major aspects. 
• Given the time scale which is often used in models like these - up to a few decades -
it is very favourable from a modelling point of view that pathological developments 
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in dentistry are irreversible and, generally, progress slowly. The same is true for 
demographic developments, which normally progress slowly, too. Consequently, the 
central processes of the model need not have a time scale which deviates strongly 
from the time span which is used, which would greatly reduce the reliability of the 
results. 
• The model was developed gradually. As has been described in chapter 1, it is the 
third in a series of models, developed over a period of more than 10 years. The ex-
perience gained in the development of the two predecessors have certainly con-
tributed to the quality of the third model. It is doubtful that an attempt to design the 
last model in one stroke would have been successful. 
• In developing the model much attention was given to the quality of the model, not 
so much as seen through the eyes of the designers but through the eyes of potential 
users. As potential users are not committed to the model, any point of criticism can 
be sufficient to brush aside the model and its results as irrelevant. This means that 
relatively small details, which in the eyes of the designers are marginal and which 
on the basis of their insights are considered of little importance to the ultimate re-
sults, should nevertheless be treated most carefully. This means that even a validated 
model which on the whole shows the right behaviour can still be immensely vulner-
able because all sorts of details may be unacceptable to health politicians. In chapter 
8 some tests are described which the model was subjected to during and after its de-
velopment. These tests have been specially designed to detect small but potentially 
disastrous errors in the behaviour of the model. The use of these, or similar, tests in 
the development of related models seems highly recommendable. 
• The participation of people from organizations which can be seen as potential users 
of the model, in the form of a scenario committee, has certainly added greatly to the 
quality of the model as well as its acceptance. Particularly the latter aspect cannot be 
emphasized enough. The constant participation of potential users and the develop-
ment of the model in a relatively open environment (e.g., the widespread reporting 
of the state of affairs during development) has undoubtedly reduced the barrier 
health politicians experience in relation to models like this one, although the barrier 
has not yet been removed completely. 
10.3 Further research 
The research which was carried out offers a number of starting-points for further re-
search. In the first place an obvious, though important option should be mentioned. In 
order to maintain its value, a model like this will have to be updated regularly. This 
means, among other things, that new data, such as the adjustment of fees, numbers of 
first-year dentistry students or a new CBS population prognosis, have to be incorporât -
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ed. Moreover, new epidemiological data will have to be used to adjust existing esti-
mates wherever necessary. If such adaptations are neglected, the model will lose its 
value within a few years. 
In addition to the importance of keeping the model up-to-date it contains parts 
which have proved to be fundamental and which could not fully be based on commonly 
accepted insights. Two aspects of the model can be particularly mentioned in this re-
spect. Firstly, the relationship between the price of a treatment for a patient and the de-
mand for this treatment. The character of this relationship is clear, but it cannot be 
quantified unambiguously. Research leading to a better qualification of this relationship 
would increase the value of the model. Another crucial element of the model which 
needs to be worked out is the modelling of the behaviour of dentists and dental hygicn-
ists in a situation in which there is an unequal balance between supply and demand. 
Particularly the question if and when over-capacity leads to a refusal of new patients 
cannot be answered on the basis of current knowledge. 
A totally different sort of research which could increase the value of the model does 
not focus on its content, but on the practic al use of the model. The model is based on a 
methodology which most health politicians are not familiar with and it is also fairly 
complicated. In addition to all the questions that can be posed with respect to the con-
tent of a model like this, the very complexity of the model seems to be the greatest bar-
rier for the actual support of policy. Research resulting in the means to provide more 
insight into the model might well contribute more to its value than improvements in the 
content of the model. One of these means could be a scaled-down inter-active variant of 
the model, simple enough to be used as a whole by the ultimate target group. Health 
politicians could experiment with this simplified model in preparation for policy exper-
iments with the original model. It is also possible to develop courses for health politi-
cians aimed at making them familiar with the methodology in a few days and enabling 
them to develop policy experiments (largely) independent of the model designers. 
A final expansion of the model which should be mentioned here is generalization of 
the model. There are at least three options: generalizations to other branches of health 
care, to a different aggregation level (for instance, at a regional or, conversely, EU 
level), or to models for dental health care systems in other countries. Given the fact that 
the relative success of this model is partly rooted in its content, generalization to other 
fields of health care is the least obvious option. Both other options for generalization 
seem possible. It should be noted that a model at EU level is only useful as a means to 
support policy if dental health care policy is actually carried out on this scale or if the 
policy in individual member states is significantly stimulated by developments at EU 
level. On practical grounds - provided that data specific to nations such as epidemiolog-
ical data and data concerning the structure and financing of dental health care are avail-
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able - the development of a model for other countries could be realized first. In this re-
spect the current BIOMED programme, which is partly aimed at charting the major 
structural characteristics of the systems of dental health care in six member states 
(Denmark, the United Kingdom, France, Ireland, the Netherlands and Spain) can al-
ready provide useful information (EU, 1993). 
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The aim of this thesis was to describe the scientific basis for and the development of a 
system dynamic simulation model. This model should be able to act as a tool for deci-
sion support for those working as health politician in the field of dental health care. 
In chapter 1 information is given regarding the research program this thesis origi-
nates from and an overview of instruments for supporting policy development is pre-
sented. Finally, the aim of the project is elaborated on. 
In chapter 2 the methodology used to develop the model and its global characteris-
tics are discussed. The steps in the process of constructing a conceptual and a mathe-
matical model are described. The chapter concludes with a short discussion on the par-
ticipation of clients in the process of model development. 
Chapters 3 through 7 discuss the submodels constituting the overall model. These 
are the population, attendance, pathology, supply and treatment model. 
Chapter 3 describes the construction and validation of the population model and in-
troduces its two main parts. The First part is a standard demographic model which is to 
closely mimic the results of the CBS (the Dutch National Bureau of Statistics) popula-
tion prognosis. The second part is concerned with modelling the subdivision of each 
age group into two socio-economic subgroups: people covered by the Dutch National 
Health Insurance (NHI) and people covered by private health insurance companies or 
statutory forms of insurance. 
In chapter 4 the subject is modelling of dental attendance, which has two aspects. 
Firstly, for each age group a further subdivision is introduced: regular attenders, irregu-
lar attenders and people without natural teeth. The main factors incorporated are: the 
price level of dental care, 'education programs' and autonomous changes in behaviour. 
The validation of this part of the attendance model is mainly based on data from the 
CBS and the LEOT study. 
The second aspect concerns modelling the attendance frequency, both for attending 
the dentist and the dental hygiënist. This is modelled as a basic frequency, specific for 
each category of the population. This basic frequency is modified by the price level of 
dental care and by an exogenous time-function which is incorporated in the model to 
facilitate policy experiments regarding the attendance frequency. 
Chapter 5 describes the development of the pathology model. The pathology model 
consists of two relatively independent parts: the caries model and the periodontal 
model. Both models only concern regular or irregular attenders, excluding people with-
out natural teeth. 
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In the caries model, for each category of the population four state variables are in-
troduced: the total number of sound, decayed, restored and missing teeth. Subsequently, 
three groups of factors which determine how the value of these state variables change 
over time are discussed. The first groups regards factors at the population level, e.g., 
birth, ageing and the shedding process. The second group is related to tooth decay. This 
part of the caries model consists of an aetiologic model comprising sugar consumption, 
the use of fluorides and oral hygiene. The third and last group comprises the treatments 
which have an influence on the state variables of the caries model such as: full extrac-
tion, single extraction, amalgam and composite (re-Restorations and cast restorations. 
Although much of the data needed to validate the caries model were available, some 
problems arose during validation. Most importantly, it was not possible to find reliable 
information on the incidence of caries from epidemiologic literature. Therefore, these 
incidences were estimated by comparing the prevalence of caries in the Dutch popula-
tion in 1980 and 1986. 
In the periodontal model the following state variables are introduced for each cate-
gory of the population: the number of people without gingivitis or pockets, the number 
of people with gingivitis but no deep pockets, the number of deep pockets per person 
and the number of people with calculus in a category. The first three state variables can 
be seen as describing various stages of periodontitis. The fourth state variable, the 
prevalence of calculus, has to be regarded as a second dimension in characterization of 
the population. The classification of factors influencing the state variables using three 
groups is the same as in the caries model. The first group consists of demographic vari-
ables. The second group has an aetiologic background. The factors in this group are the 
frequency of tooth brushing, the fraction of the people receiving an oral hygiene in-
struction and the prevalence of calculus (the last one only for the first three state vari-
ables). The last group comprises treatments having effect on the state variables in the 
periodontal model: the removal of calculus, complex periodontal treatment (including 
scaling, root-planing and periodontal surgery), oral hygiene instruction, full extraction 
and single extraction. For the periodontal model the same procedure as for the caries 
model was used to estimate the incidence of periodontal diseases. However, less infor-
mation from epidemiological surveys on periodontal diseases was available, especially 
the prevalence of these diseases among adults in 1980 was difficult to asses. Another 
problem was the lack of information on the effectiveness of periodontal treatment on a 
population level. Therefore, a number of questions regarding this topic were sent to an 
expert panel. Their answers, though most of them could only give incomplete informa-
tion, were used to find estimates of the effectiveness of these treatments. However, 
these estimates are not very reliable, 
In chapter 6 the supply model is discussed. The purpose of the supply model is to 
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calculate the amount of time available for work in connection with patient treatment. 
This has to be done both for dentists and dental hygienists. To be able to give this in-
formation, the supply model requires a rather detailed internal structure focusing on: 
'Students', 'Unemployed' and 'Professionally active'. 
The number of people belonging to the 'Students' group is divided according to 
course (dentistry or dental hygiene), the number of years a student has been following a 
course and gender. The number of first-year students, commencement and graduation 
are the main factors influencing the state variables defined by this subdivision. 
The 'Unemployed' group is divided according to profession (dentist or dental 
hygiënist), the number of years a person has been unemployed and gender. The main 
factors here are: becoming unemployed, finding employment, migration and maximum 
duration of unemployment. 
The 'Professionally active' group is divided according to profession (dentist or 
dental hygiënist), work environment (general practice or other), age and gender. The 
state variables defined in this part of the supply model are influenced by dismissal and 
demand, ending of a professional career, ageing, migration and mortality. The calcula-
tion of total time available for clinical work is based on attributing to every category of 
the professionally active population a certain working potential. Combining this poten-
tial per person with the number of persons in each category results in the total working 
potential for dentists and for dental hygienists. 
The validation of the supply model was rather straightforward as most of the data 
needed were available, mainly from sources within the government, universities and 
professional organisations. Most difficult was the assessment of the working potential. 
Data on this subject were incomplete and sometimes contradictory. Especially estimat-
ing the relation between gender and working potential was hampered by a lack of in-
formation. 
The treatment model is discussed in chapter 7. In contrast to the other models, state 
variables do not have a central role in this model. Instead, the application of treatments 
as calculated in this model have an impact on the rate of change of the state variables in 
the other submodels. In he treatment model the following treatments are distinguished: 
monitoring (periodic check-ups), oral hygiene instruction, fluoride application, fissure 
sealing, calculus removal, initial restorative procedures, re-restorations, cast restoration, 
extraction, complex periodontal treatment, partial dentures, bridgework, full dentures 
and a mixed 'sundries' category which incorporates the time and money spent on all 
other forms of treatment not explicitly included in the model. 
The treatment model calculates, for each cell of the population and for both of the 
professional groups separately, the number of applications of each of the treatments. 
This calculation starts with an indication function which relates for each of the treat-
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merits the oral status with the likelihood of a treatment being applied. This function is 
converted into an actual number of applications by linking the value of the function 
with empirical data on the application of treatments in a reference year (1986). For all 
other years a change in various factors as compared to 1986, will lead to an other esti-
mate of the number of times a treatment is applied. These factors are the oral status, the 
attendance frequency, the price (or fee) a patient has to pay for a treatment, the degree 
of capacity utilization and the turnover per treatment type. 
The validation of the treatment model proved to be rather difficult. In the first place 
the empirical data on the application of treatments for patients not covered by the NHI 
is very incomplete. The second main problem was the quantification of the relation be-
tween the factors mentioned in the previous section, such as attendance frequency or 
degree of capacity utilization, and the application of treatments. Although this type of 
relations is known from literature, their quantification could only partially be based on 
scientific literature. As a consequence the effect the treatment model shows on the ap-
plication of treatments as a consequence of changes in these variables can both be over-
or underestimated, especially when these factors are expected to show a far larger 
variation in the future than in the period 1986-1991. 
In chapter 8 the model is tested for its correctness. A number of dimensions of cor-
rectness can be considered. In this chapter the emphasis is on testing for unacceptable 
behaviour. As tests of this type are not common in the literature on model construction, 
two tests were constructed specifically for this model. The first test is based on the fact 
that all state variables are keeping tally of an amount of 'matter'. Therefore, a law on 
the conservation of matter can be applied to the model. For each submodel containing 
state variables a conservation law has been formulated. In all cases the conservation 
laws proved to be respected by the model. A second test was based on an analysis of the 
propagation of disturbances through the model. In these tests a disturbance for a certain 
population category is applied and it is analyzed whether the propagation of this local 
disturbance through the population does reveal unrealistic modes of behaviour. The 
way in which disturbances propagate could nearly always be explained from basic 
model characteristics. One exception is the model characteristic which can be called 
early transition. This is caused by the fact that the time step of the model - one year - is 
much smaller than the width of the age groups (varying from six to 20 years). As a con-
sequence a disturbance in a certain age group will tend to reveal itself within a few 
years in all older age groups, albeit with a far smaller size than the original disturbance. 
Since elimination of this behaviour does not seem feasible, the user of the model should 
be alert for a bias in the way a disturbance is spread among the age groups. 
Chapter 9 the extent to which the model is fit for conducting policy experiments in 
a way that could be relevant to health politicians is discussed. A selected number of 
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policy experiments is conducted in two fields: the financing of dental health care and 
the gearing of supply to demand in dental care. Each policy experiment discussed in 
this chapter is compared with the base run. As an introduction the most important re-
sults of the base run are presented. It was concluded that the model can be used to carry 
out relevant policy experiments. The results are interpretable, particularly if the exper-
iments have an exploratory character. The results can also be characterized as relevant. 
However, it is not clear which gaps the model results may have in the views of health 
politicians. 
Chapter 10 starts with a discussion of the model's strengths and weaknesses. Two 
major strengths are mentioned. Firstly, the model can be regarded as an integrated 
complex of knowledge containing a much greater part of all relevant knowledge on 
dental health care than any person could assimilate using solely his own mental model. 
Secondly, the model can also be employed for its explicit dynamic characteristics as 
was demonstrated in chapter 9. An important weakness of the model is due to its com-
prehensive character. As a result of this the model has a certain aggregation level, limit-
ing its possibilities to study specific subgroups. A second weakness originates from the 
fact that the model has been developed by relative outsiders in the political interplay of 
forces around the dental health care system. Though this offers a number of advantages, 
e.g., reinforcement of the objective character of the model and a well-balanced use of 
information from different sources, the disadvantage of this approach is that health 
politicians can take a noncommittal attitude, particularly if the model leads (or even if it 
might lead) to less desirable results. This can lead to results being ignored, irrespective 
of their validity. Finally, a third aspect which may influence the use of the model nega-
tively is mentioned: the fact that it is based on a methodology unfamiliar to the target 
group. This makes it more difficult for them to interpret the results and implies that 
specialists, for instance the designers of the model, need to play an intermediary role 
between the model and health politicians. 
Next, the project is compared to research in similar fields. It is concluded that the 
comprehensive approach in developing a tool for policy support in dental health care is 
rather unique. Only one example of a comparable approach was found. In the nineteen 
seventies Pugh-Roberts developed a model which had much in common with the model 
described in this thesis. However, that model was not very successful. Apart from in-
trinsic problems, such as a lack of data to validate the model, the lack of success can, at 
least partly, be blamed on the limited accessibility of the final product. Subsequently, a 
number of factors are discussed to explain why the development of a comprehensive 
system dynamic model has turned out to be successful, whereas this methodology has 
encountered many problems when applied to other policy fields. Finally, some subjects 
for further research are addressed. 
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Samenvatting 
Het doel van deze dissertatie was het beschrijven van de wetenschappelijke basis 
voor en de ontwikkeling van een systeem-dynamisch simulatiemodel. Dit model moest 
in staat zijn als een hulpmiddel te dienen voor beslissingsondersteuning voor mensen 
werkzaam als beleidsmakers op het terrein van de tandheelkundige gezondheidszorg. 
In hoofdstuk 1 wordt informatie gegeven over het onderzoeksprogramma waar deze 
dissertatie uit voortkomt en wordt een overzicht van instrumenten ter ondersteuning van 
beleidsontwikkeling gepresenteerd. Tenslotte wordt het doel van het project verder uit-
gewerkt. 
In hoofdstuk 2 worden de methodologie besproken gebruikt bij de ontwikkeling 
van het model en de globale karakteristieken van het model. De stappen in de construc-
tie van een conceptueel en een wiskundig model worden beschreven. Het hoofdstuk 
sluit af met een korte discussie over de participatie van cliënten in de modelontwikke-
ling. 
De hoofdstukken 3 tot en met 7 beschrijven de deelmodellen waaruit het totale mo-
del bestaat. Dit zijn het populatie-, bezoek-, pathologie-, aanbod- en behandelmodel. 
Hoofdstuk 3 beschrijft de constructie en validatie van het populatiemodel en intro-
duceert de twee belangrijkste delen ervan. Het eerste deel is een standaard demogra-
fisch model dat nauwgezet de resultaten van de CBS-bevolkingsprognose moet volgen. 
Het tweede deel betreft het modelleren van de onderverdeling van elke leeftijdscatego-
rie in twee sociaal-economische categorieën: ziekenfondsverzekerden en particulier of 
IZA/IZR verzekerden. 
In hoofdstuk 4 is het onderwerp de modellering van tandartsbezoek, dat twee aspec-
ten heeft. Ten eerste wordt voor elke leeftijdscategorie een verdere onderverdeling 
geïntroduceerd: regelmatige bezoekers, onregelmatige bezoekers en edentaten. De be-
langrijkste factoren in het model zijn de prijs van tandheelkundige zorg, voorlichtings-
programma's en autonome veranderingen in gedrag. De validatie van dit deel van het 
bezoekmodel is voornamelijk gebaseerd op gegevens van het CBS en het LEOT-onder-
zoek. 
Het tweede aspect betreft de modellering van de bezoekfrequentie, zowel voor be-
zoek aan de tandarts als aan de mondhygiënist. Dit wordt gemodelleerd door een basis-
frequentie, specifiek voor elke categorie in de bevolking. Deze basisfrequentie wordt 
gemodificeerd door de prijs van tandheelkundige zorg en een exogene tijdsfunctie die 
in het model is opgenomen om beleidsexperimenten met betrekking tot de bezoekfre-
quentie mogelijk te maken. 
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Hoofdstuk 5 beschrijft de ontwikkeling van het pathologiemodel. Het pathologie-
model bestaat uit twee relatief onafhankelijke delen: het cariësmodel en het paromodel. 
Beide modellen betreffen alleen regelmatige en onregelmatige bezoekers. Edentaten 
worden uitgesloten. 
In het cariësmodel worden voor elke categorie van de bevolking vier toestandsva-
riabelen geïntroduceerd: het totaal aantal gave, carieuze, gevulde en ontbrekende ge-
bitselementen. Vervolgens worden drie groepen factoren besproken die bepalen hoe de 
toestandsvariabelen in de tijd variëren. De eerste groep betreft factoren op het bevol-
kingsniveau, bijvoorbeeld geboorte, veroudering en het wisselproces. De tweede groep 
is gerelateerd aan tandbederf. Dit gedeelte van het cariësmodel bestaat uit een etiolo-
gisch model dat het gebruik van suiker, het gebruik van fluoride en mondhygiëne om-
vat. De derde en laatste groep bevat de behandelingen die invloed hebben op de toe-
standsvariabelen van het cariësmodel zoals: volledige extractie, een enkele extractie, 
amalgaam en composiet (re-)restauraties en gegoten restauraties. Hoewel veel van de 
benodigde data voor de validatie van het cariësmodel beschikbaar waren, kwamen tij -
dens de validatie enkele problemen aan het licht. Het belangrijkste probleem was dat 
het niet mogelijk bleek betrouwbare gegevens te vinden in de epidemiologische litera-
tuur omtrent de incidentie van cariës. Daarom is de incidentie geschat door de prevalen-
tie van cariës in de Nederlandse bevolking in 1980 en 1986 te vergelijken. 
In het paromodel worden de volgende toestandsvariabelen geïntroduceerd voor iede-
re categorie van de bevolking: het aantal mensen zonder gingivitis of pockets, het aantal 
mensen met gingivitis maar zonder pockets, het aantal pockets per persoon en het aantal 
mensen met tandsteen. De eerste drie toestandsvariabelen kunnen gezien worden als 
verschillende stadia van parodontitis. De vierde toestandsvariabele, de prevalentie van 
tandsteen, moet beschouwd worden als een tweede dimensie in de beschrijving van de 
bevolking. De factoren die de toestandsvariabelen beïnvloeden, kunnen in dezelfde drie 
groepen worden ingedeeld als in het cariësmodel. De eerste groep bestaat uit demogra-
fische factoren. De tweede groep heeft een etiologische achtergrond. De factoren in 
deze groep zijn de frequentie van tandenpoetsen, de fractie van de bevolking die een 
instructie mondhygiëne ontvangt en de prevalentie van tandsteen (de laatste alleen voor 
de eerste drie toestandsvariabelen). De laatste groep omvat behandelingen die een effect 
hebben op de toestandsvariabelen in het paromodel: het verwijderen van tandsteen, 
complexe paro behandeling, instructie mondhygiëne, volledige extractie en een enkele 
extractie. Voor het paromodel is dezelfde procedure gebruikt om de incidentie van pa-
rodontal aandoeningen te schatten als voor het cariësmodel. Er was echter minder in-
formatie beschikbaar uit epidemiologisch onderzoek omtrent parodontale aandoenin-
gen; vooral de prevalentie van deze aandoeningen onder volwassen in 1980 was moei-
lijk vast te stellen. Een ander probleem was het gebrek aan informatie over de effectivi-
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teit van parodontale behandelingen op bevolkingsniveau. Daarom zijn een aantal vra-
gen op dit gebied aan een expert panel voorgelegd. Hoewel de meesten alleen onvolle-
dige informatie konden geven, zijn hun antwoorden gebruikt om tot schattingen voor 
deze behandelingen te komen. Deze schattingen zijn echter niet erg betrouwbaar. 
In hoofdstuk 6 wordt het aanbodmodel besproken. Het doel van het aanbodmodel is 
om de beschikbare tijd voor patiëntenbehandeling te berekenen, zowel voor tandartsen 
als voor mondhygiënisten. Om deze informatie te kunnen geven, moet het aanbodmodel 
een nogal gedetailleerde interne structuur hebben die zich richt op: 'Studenten', 'Werk-
lozen' en 'Beroepsbevolking'. 
Het aantal mensen behorend tot de groep 'Studenten' is onderverdeeld naar studie 
(tandheelkunde of mondhygiëne), het aantal jaren dat iemand studeert en geslacht. De 
belangrijkste factoren die de toestandsvariabelen gedefinieerd door deze onderverdeling 
beïnvloeden zijn: het aantal eerstejaars studenten, studievoortgang en afstuderen. 
De groep 'Werklozen' is onderverdeeld naar beroep (tandarts of mondhygiënist), het 
aantal jaren dat iemand werkloos is en geslacht. De belangrijkste factoren zijn hier: 
werkloos worden, het vinden van werk, migratie en de maximale duur van werkloos-
heid. 
De groep 'Beroepsbevolking' is onderverdeeld naar beroep (tandarts of mondhygië-
nist), werkomgeving (algemene praktijk of overig), leeftijd en geslacht. De toestands-
variabelen worden beïnvloed door: ontslag en vraag, stoppen met werken, veroudering, 
migratie en sterfte. De berekening van de tijd beschikbaar voor patiëntenbehandeling is 
gebaseerd op het toekennen van een zeker arbeidspotentieel aan elke categorie van de 
beroepsbevolking. Door dit potentieel te combineren met het aantal mensen in elke ca-
tegorie wordt het totale arbeidspotentieel voor tandartsen en mondhygiënisten verkre-
gen. 
De validatie van het aanbodmodel was relatief simpel omdat de meeste van de 
benodigde gegevens beschikbaar waren, voornamelijk uit bronnen binnen de overheid, 
universiteiten en beroepsorganisaties. De bepaling van het arbeidspotentieel was het 
lastigst. De gegevens hierover waren onvolledig en soms tegenstrijdig. Vooral de 
schatting van de relatie tussen geslacht en arbeidspotentieel werd gehinderd door een 
gebrek aan informatie. 
Het behandelmodel wordt besproken in hoofdstuk 7. In tegenstelling tot de andere 
modellen spelen toestandsvariabelen in dit model geen grote rol. In plaats daarvan heb-
ben de behandelingen zoals ze in dit model berekend worden invloed op de snelheid 
waarmee de toestandsvariabelen in de andere deelmodellen veranderen. In het behan-
delmodel worden de volgende behandelingen onderscheiden: controle, instructie mond-
hygiëne, fluoride applicatie, fissuur verzegeling, tandsteenverwijdering, primaire res-
tauratie, rerestauratie, gegoten restauratie, extractie, complexe paro behandeling, partie-
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le prothese, brugwerk, volledige prothese en 'overig'. Hieronder valt de tijd en het geld 
gemoeid met alle behandelingen die niet expliciet in het model worden onderscheiden. 
Het behandelmodel berekent voor elke cel van de bevolking en voor beide beroeps-
groepen apart, het aantal malen dat elke behandeling wordt uitgevoerd. De berekening 
begint met een indicatiefunctie die voor elke behandeling de orale status relateert aan 
de kans dat een behandeling wordt uitgevoerd. Deze functie wordt omgezet een aantal 
behandelingen door de waarde van de functie te koppelen aan empirische gegevens 
over behandelingen in een referentiejaar (1986). Voor alle andere jaren leidt een veran-
dering in een aantal factoren ten opzichte van 1986 tot een aanpassing van de schatting 
van het aantal malen dat een behandeling wordt uitgevoerd. Deze factoren zijn: de orale 
status, de bezoekfrequentie, het bedrag dat een patiënt voor een behandeling moet beta-
len, de bezettingsgraad en de omzet per behandeling. 
De validatie van het behandelmodel was moeizaam. In de eerste plaats zijn de empi-
rische gegevens over behandelingen bij niet-ziekenfondsverzekerden zeer onvolledig. 
Het tweede belangrijke probleem was de kwantificering van de relatie tussen de facto-
ren genoemd in de vorige alinea, zoals bezoekfrequentie of bezettingsgraad en het aan-
tal malen dat een behandeling wordt uitgevoerd. Hoewel dergelijke relaties uit de litera-
tuur bekend zijn, kon de kwantificering ervan slechts ten dele op wetenschappelijke 
literatuur gebaseerd worden. Hierdoor zal het effect dat het behandelmodel laat zien als 
gevolg van een verandering in deze factoren zowel over- als onderschat kunnen 
worden, met name wanneer verondersteld wordt dat deze factoren in de toekomst een 
veel grotere variatie zullen vertonen dan in de periode 1986-1991. 
In hoofdstuk 8 wordt het model getest op correctheid. Een aantal dimensies van 
correctheid kunnen worden beschouwd. In dit hoofdstuk ligt het accent op testen op on-
acceptabel gedrag. Omdat dergelijke tests niet gebruikelijk zijn in de literatuur over 
modelontwikkeling, zijn twee tests specifiek voor dit model ontworpen. De eerste test 
is gebaseerd op het feit dat alle toestandsvariabelen op een of ander wijze 'materie' bij-
houden. Daarom kan een wet van behoud van materie toegepast worden. Voor elk 
deelmodel dat toestandsvariabelen bevat, is een behoudswet geformuleerd. In alle ge-
vallen bleek dat het model de behoudswet respecteerde. Een tweede test was gebaseerd 
op de voortplanting van verstoringen door het model. In deze tests werd in een zekere 
bevolkingscategorie een verstoring aangebracht en geanalyseerd of de voortplanting 
van de lokale verstoring tot onrealistisch modelgedrag leidt. De wijze van voortplanting 
van verstoringen kon bijna altijd verklaard worden uit elementaire modeleigenschap-
pen. Eén uitzondering is de modeleigenschap die voortijdige doorschuiving genoemd 
kan worden. Dit wordt veroorzaakt door het feit dat de tijdsstap van het model, één jaar, 
veel kleiner is dan de breedte van de leeftijdscategorieën (variërend van zes tot 20 jaar). 
Als een gevolg hiervan zal een verstoring in een zekere leeftijdscategorie binnen enkele 
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jaren zichtbaar worden in alle oudere leeftijdscategorieën, zij het met een veel kleinere 
omvang dan de oorspronkelijke verstoring. Omdat eliminatie van deze eigenschap niet 
haalbaar lijkt, moet de gebruiker van het model bedacht zijn op afwijkingen in de wijze 
waarop verstoringen zich verspreiden over de verschillende leeftijdscategorieën. 
In hoofdstuk 9 wordt besproken in hoeverre het model geschikt is voor het uitvoe-
ren van beleidsexperimenten, zodanig dat de resultaten relevant zijn voor beleidsma-
kers. Een beperkt aantal beleidsexperimenten is uitgevoerd op twee gebieden: de finan-
ciering van de tandheelkundige gezondheidszorg en het afstemmen van vraag naar en 
aanbod van tandheelkundige zorg. Elk beleidsexperiment dat in dit hoofdstuk bespro-
ken wordt, wordt vergeleken met de basisrun. Ter introductie worden de belangrijkste 
resultaten van de basisrun gepresenteerd. Er wordt geconcludeerd dat het model ge-
bruikt kan worden om er relevante beleidsexperimenten mee uit te voeren. De resulta-
ten zijn interpreteerbaar, met name als de experimenten een beschrijvend karakter heb-
ben. De resultaten kunnen ook als relevant gekenschetst worden. Het is echter niet 
duidelijk welke lacunes de modelresultaten hebben in de ogen van beleidsmakers. 
Hoofdstuk 10 begint met een bespreking van de sterke en zwakke kanten van het 
model. Twee sterke kanten worden genoemd. Ten eerste kan het model beschouwd 
worden als een geïntegreerd geheel van kennis, dat een veel groter deel van alle rele-
vante kennis over de tandheelkundige gezondheidszorg bevat dan een persoon zou kun-
nen bereiken, op basis van alleen zijn eigen mentale model. Ten tweede kunnen de dy-
namische eigenschappen van het model gebruikt worden, zoals gedemonstreerd is in 
hoofdstuk 9. Een belangrijke zwakke kant van het model is een gevolg van het omvat-
tende karakter. Als gevolg daarvan heeft het model een zeker aggregatieniveau, dat de 
mogelijkheden om bepaalde deelgroeperingen te bestuderen beperkt. Een tweede 
zwakke kant komt voor uit het feit dat het model ontwikkeld is door relatieve buiten-
staanders in het politieke krachtenspel rondom de tandheelkundige gezondheidszorg. 
Hoewel dit een aantal voordelen heeft zoals een versterking van het objectieve karakter, 
en een evenwichtig gebruik van gegevens uit verschillende bronnen, heeft deze aanpak 
het nadeel dat beleidsmakers zich een vrijblijvende houding kunnen veroorloven, 
vooral als het model leidt (of zelfs maar zou kunnen leiden) tot ongewenste resultaten. 
Dit kan er toe leiden dat de resultaten genegeerd worden, ogeacht hun validiteit. 
Tenslotte wordt een derde aspect genoemd dat het gebruik van het model negatief kan 
beïnvloeden: het feit dat het gebaseerd is op een methodologie waar de doelgroep niet 
mee vertrouwd is. Dit maakt het voor hen moeilijker de resultaten te interpreteren en 
impliceert dat specialisten, bijvoorbeeld de ontwerpers van het model, als intermediair 
tussen het model en beleidsmakers zullen moeten optreden. 
Vervolgens wordt het model vergeleken met onderzoek op vergelijkbaar terrein. Er 
wordt geconcludeerd dat de omvattende aanpak voor de ontwikkeling van een instru-
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ment voor beleidsondersteuning in de tandheelkundige gezondheidszorg vrij uniek is. 
Slechts één voorbeeld met een vergelijkbare aanpak werd gevonden. In dejaren zeven-
tig heeft Pugh-Roberts een model ontwikkeld dat veel gemeenschappelijk heeft met het 
model beschreven in deze dissertatie. Het model was echter niet zo succesvol. Naast 
intrinsieke problemen, zoals een gebrek aan data om het model te valideren, kan het ge-
brek aan succes minstens ten dele worden geweten aan de beperkte toegankelijkheid 
van het eindprodukt. Vervolgens worden een aantal factoren besproken ter verklaring 
van het succes van de ontwikkeling van dit omvattende systeem-dynamische model, 
terwijl deze methodologie op andere beleidsterreinen tot zoveel problemen heeft geleid. 
Tenslotte worden enkele onderwerpen voor verder onderzoek genoemd. 
242 
Literature 
Ackoff RA. Redesigning the future: a systems approach to societal problems. Wiley, 
New York 1974 
Advocaat JGA. Amalgaamrestauraties nader bekeken: een longitudinaal experimenteel 
klinisch onderzoek. Speciaal deel: Het restauratieve proces. (PhD-thesis). Vrije 
Universiteit Amsterdam 1985 
Ainamo J, Sarkki, Kuhalampi ML, Palolampi L, Piirto O. The frequency of periodontal 
extractions in Finland. Community Dent Health 1984; 1: 165-172 
AOT. Eindrapport Adviescommissie Opleiding Tandarts. Volksgezondheidsreeks VR 
85/22, Den Haag, 1985 
Bailit HL, Braun R, Marynuik GA, Camp P. Is periodontal disease the primary cause 
of tooth extractions in adults? J Am Dent Assoc 1987; 114: 40-45 
Bellini HT. The time factor in periodontal therapy. J Periodont Res 1974; 9: 56-61 
Berg J van den. Gebitsprothesen bij de Nederlandse bevolking. Ned Tijdschr Tand-
heelkd 1984; 91: 68-74 
Bergmans N. NVM enquête beroepsuitoefening mondhygiënisten. Tijdschr Ned Ver 
Mondhyg 1990; 1: 19-26 
Bouma J, Schaub RMH, Poel ACM van de. Relative importance of periodontal disease 
for full mouth extractions in the Netherlands. Community Dent Oral Epidemiol 
1987; 15: 41-45 
Bouma J, Westert G, Schaub RMH, Poel ACM van de. Decision process preceding full 
mouth extractions. Community Dent Oral Epidemiol 1987; 15: 268-272 
Bouma J. On becoming edentulous. An investigarion into the dental and behavioral rea-
sons for full mouth extractions. (PhD-thesis) Universiteit Groningen 1987 
Bronkhorst EM, Truin GJ, Batchelor P, Sheiham A. Health through oral health; guide-
lines for planning and monitoring for oral health care. A critical comment of the 
WHO-model. J Public Health Dent 1991; 51(4): 223-7 
Bronkhorst EM, Truin GJ, Burgerdijk RCW, Wiersma T. STG-rapport "Future Sce-
narios Dental Health Care; An Exploration of the 1990-2020 Period". Bohn, 
Scheltema & Holkema. Rijswijk, 1994 
Brown LJ, Oliver RC, Loe H. Periodontal diseases in the US in 1981. Prevalence, 
severity, extent, and role in tooth mortality. J Periodontology 1989; 60: 363-370 
Bruers JJM, Felling AJA, Rossum GMJM van. Panelonderzoek 12. De praktijkvoering 
van algemeen practici 1988. NMT, Nieuwegein 1989 
243 
Literature 
Bruers JJM, Rossum GMJM van. Panelonderzoek 13. De praktijkvoering van algemeen 
practici. NMT, Nieuwegein, 1990 
Burt BA, Ismail AI, Eklund SA. Periodontal disease, tooth loss and oral hygiene 
among older Americans. Community Dent Oral Epidemiol 1985; 13: 93-6 
Burt В A. The status of epidemiologic data on periodontal diseases. In: Periodontology 
Today. Guggenheim В (ed), pp 68-76. Basel, S Karger AG, 1988 
Centraal Bureau voor de Statistiek. Maandbericht Gezondhd. 1989; 9: 15-17 
Centraal Bureau voor de Statistiek. Maandbericht Gezondhd. 1989; 17: 24-25 
Centraal Bureau voor de Statistiek. Maandstatistiek Bevolking, 1980-1992 
Centraal Bureau voor de Statistiek. Statistiek voor het wetenschappelijk onderwijs, 
1975 and later 
Centraal Bureau voor de Statistiek. Statistisch Jaarboek 1992. 's-Gravenhage; SBU, 
CBS-publicaties 1992 
Centraal Bureau voor de Statistiek. Statistische Zakboeken 1981-1990 
Centraal Bureau voor de Statistiek. Vademecum Gezondheidsstatistiek Nederland, 1989 
Centraal Bureau voor de Statistiek. Vademecum Gezondheidsstatistiek Nederland, 1992 
Centraal Bureau voor de Statistiek. Zakboeken onderwijsstatistieken t/m 1980. Onder­
wijs "Cijferwijs" 
Commissie Tandheelkundige Statistiek. Statistisch Overzichten 1980-1991 van de be­
handeling gegeven door tandartsen-algemeen practicus en regionale instellingen 
voor jeugdtandverzorging aan ziekenfondsverzekerden. Zeist 
Conrad DA, Grembowski D, Milgrom P. Adverse selection within dental insurance 
markets. In: Advances in health economics and health services research. Scheffler 
RM (ed) Jai Press 1985; 6: 171-190. Greenwich, Connecticut 
Cushing A, Sheiham A. Assessing periodontal treatment needs and periodontal status 
in a study of adults in North-West England. Community Dent Health 1985; 2: 
187-94 
DeMillo RA, McCracken WM, Martin RJ, Passafiume JF. Software Testing and Evalu­
ation. The Benjamin/Cummings Publising Company, Menlo Park (CA) 1986 
Doom-Huiskes J van. Vrouwen en beroepsparticipatie. Een onderzoek onder gehuwde 
vrouwelijke acedemici. (PhD-thesis) Universiteit Utrecht, 1980 
Douglass CW, Gammon M, Gillings DB, Sollecito W, Rundie DG. Estimating the mar­
ket for periodontal services in the United States. J Am Dent Assoc 1984; 108: 
968-72 
Dunn WN. Public policy analysis. Prentice-Hall, Englewood Cliffs NJ, 1981 
European Union, BIOMED-program. Efficiency in oral health care. The evaluation of 
oral health care systems in Europe. BMH1-CT93-1624 
Feldstein P. Financing dental care: an economic analysis. DC Heath and Co. Lexing-
244 
Literature 
ton, Massachusetts 1973 
Financieel Overzicht Zorg 1992. Tweede Kamer, vergaderjaar 1991-1992, 22311, nrs. 
1-2. Sdu Uitgeverij. 's-Gravenhage, 1991 
Forrester JW. Industrial Dynamics. Wiley, New York, 1961 
Forrester JW. Industrial Dynamics-Α Response to Ansoff and Slevin. Management 
Science 1968; 14: 601-618 
Forrester JW. Principles of Systems. Cambridge (Mass.), MIT Press, 1968 
Frandsen A. Mechanical oral hygiene pratices. In: Dental Plaque control measures and 
oral hygiene practices. Loe H, Kleinmann DV (eds), (pp 93-116). IRL Press, 
Oxford 1986 
Frandsen A. Public Health Aspects of Periodontal Disease. Quintessence, Chicago 
1984 
Frankenmolen FWA. Orale gezondheid en zelfzorg van Nederlandse adolescenten. 
(PhD-thesis) Universiteit Nijmegen 1990 
Frencken JE, Kalsbeek H, Verrips GWH. Has the decline in dental caries been halted? 
Changes in caries prevalence amongst 6- and 12-year-old children in Friesland, 
1973-1988. Int Dent J 1990; 40: 225-230 
Geus AP de. Planning as learning. Harvard Business Review 1988 ; March-April: 70-
74 
Greenberger M, Crenson MA, Crissey BL. Models in the policy process: public deci­
sion making in the computer era. New York 1976 
Groeneveld A, Kalsbeek H, Hoogendoorn H, Piessens JP. Onderzoek naar het effect 
van enzymbevattende tandpasta op het ontstaan van caries en gingivitis bij kinde­
ren tussen 10-13 jaar. Ned Tijdschr Tandheelkd 1984; 91: 530-533 
Gruythuysen RJM. Kiezen voor mondhygiënisten. (PhD-thesis). Vrije Universiteit 
Amsterdam 1986 
Harbordt S. Computersimulation in den Sozialwissenschaften. Rowohlt, Reinbek bei 
Hamburg 1974 
Heloe LA. Oral health status and treatment needs in a disadvantaged, rural population 
in Norway. Community Dent Oral Epidemiol 1973; 1: 94-103 
Hirsch GB, Killingsworth WR. A New Framework for Projecting Dental Manpower 
Requirements. Inquiry 1975 
Hof MA van 't, Truin GJ, Kalsbeek H, Burgersdijk RCW, Visser RSH, Heling G. The 
Dutch National Dental Survey: the problem of participation. Community Dent 
Oral Epidemiol 1991; 19: 57-60 
Houwink B, Kieft JA, Eijkman MAJ, Stevens EC, Bast AJ, Braak A van, Bezemer PP. 
Een onderzoek naar mondgezondheid. Deel III; mond(on)gezondheid van 15-jari-
gen in Amersfoort. Ned Tijdschr Tandheelkd 1985; 92: 104-111 
245 
Literature 
Hugoson A, Jordan T. Frequency distribution of individuals aged 20-70 years accord-
ing to severity of periodontal disease. Community Dent Oral Epidemiol 1982; 10: 
187-92 
Insko ChA. Theories of attitude change. Appleton-Century-Crofts, New York 1967 
Johansen JR, Gjermo P, Bellini HT. A system to classify the need for periodontal treat-
ment. Acta Odontol Scand 1973; 31: 297-305 
Johnson NW et al. Detection of high risk groups and individuals for periodontal dis-
eases: Evidence for the existence of high risk groups and approaches to their de-
tection. J Clinical Periodontal 1988; 15: 276-282 
Kalsbeek H, Eijkman MAJ, Verrips GWH, Frencken JE, Kieft JA. Tandheelkundige 
hulp Jeugdige verzekerden Ziekenfondsverzekering. Een onderzoek naar mondge-
zondheid na effectuering van het besluit TJZ. Tussenmeting 1990. Leiden/ 
Amsterdam, NIPG-TNO/ACTA 1992 
Kalsbeek H, Eijkman MAJ, Verrips GWH. Tandheelkundige hulp jeugdige verzekerden 
ziekenfondsverzekering: Beginmeting 1987. Rapport uitgebracht aan de Zieken-
fondsraad. NIPG-ACTA, Amsterdam-Leiden, 1989 
Kalsbeek H, Foreest JD van. Het mondhygiënische gedrag en de gebitsgezondheid van 
U-jarigen in Amersfoort. Ned Tijdschr Tandheelkd 1986; 93: 105-112 
Kalsbeek H, Kwant GW, Groeneveld A, Backer Dirks O, Eck AAMJ van. Stopzetting 
van drinlcwaterfluoridering. Resultaten van het cariësonderzoek in Tiel en Culem-
borg in de periode 1968-1988. Ned Tijdschr Tandheelkd 1992; 99: 4-8 
Kalsbeek H, Loveren С van. De gebitstoestand bij zesjarigen in Zuidoost Friesland; 
een epidemiologisch onderzoek ter evaluatie van een (T)GVO project. Ned 
Tijdschr Tandheelkd 1988; 95: 311-316 
Kalsbeek H, Truin GJ, Burgersdijk RCW, Hof MA van 't. Tooth loss and dental caries 
in Dutch Adults. Community Dent Oral Epidemiol 1991; 19: 210-204 
Kay EJ, Blinkhorn AS. The reasons underlying the extraction of teeth in Scotland. Br 
Dent J 1986;160:287-290 
Klabbers JHG. Spelsimulatie in toekomstonderzoek en besluitvorming. Systemica 3, 
2/3, 1983 
König KG. Karies und Parodontopathien: Aatiologie und Prophylaxe. Thieme, Stutt-
gart 1987 
Lane DC. With a little help from our friends: how system dynamics and soft OR can 
learn from each other. System Dynamic Review 1994; 10: 101-134 
Lang NP. Current status of nonsurgical and surgical periodontal treatment. In: Public 
Health Aspects of Periodontal Disease. Frandsen A (ed) Quintessence Chicago 
1984, pp 217-229 
Lembariti BS. Periodontal diseases in urban and rural populations in Tanzania. Uni-
246 
Literature 
versity Press, Dar es Salaam 1983 
Linden, FPGM van der, Duterloo HS. Development of the human dentition: an atlas. 
Harper and Row, New York 1976 
Lindhe J, Westfeldt E, Nyman S et al. Healing following surgicaUnonsurgical treat­
ment of periodontal disease. J Clinical Periodontal 1982; 9: 115-128 
Listgarten MA, Schifter CC, Laster L. Three-year longitudinal study of the periodontal 
status of an adult population with gingivitis. J Clinical Periodontal 1985; 12: 225-
38 
Listgarten MA. Why do epidemiological data have no diagnostic value? In: Periodon-
tology Today. Guggenheim В (ed) S Karger AG, Basel 1988, pp 59-67 
Lotzkar S, Johnson DW, Thompson MB. Experimental program in expanded f unctions 
for dental assistants: phase 1 base line and phase 2 training. J Am Dent Assoc 
1971; 82: 101-122 
Lotzkar S, Johnson DW, Thompson MB. Experimental program in expanded functions 
for dental assistants: phase 3 experiment with dental teams. J Am Dent Assoc 
1971; 82: 1067-1081 
Marcus M, Drabek L. Analysis of Computer Based Dental Systems Simulation Models. 
Division of Dentistry, Bureau of Health Manpower, U.S. Dept. of Health Edu­
cation and Welfare, No (HRA) 78-59, 1978 
Manning WG, Phelps С The demand for dental care. Bell J Econ 1979; 10: 503-525 
Manning WG, Bailit HL, Benjamin B, Newhouse JP. The demand for dental care: evi­
dence from a randomized trial in health insurance. J Am Dent Assoc 1985; 110: 
895-902 
Meadows DH, Richardson J, Bruckman G. Groping in the dark, the first decade of 
global modelling. Chicester, New York, 1982 
Meadows DH. The limits to growth : a report for the Club of Rome's Project on the 
predicament of mankind. Universe Books, New York 1972 
Ministerie van Onderwijs en Wetenschappen. Conceptbeleidsvoornemens groei en 
krimp universiteiten en academische ziekenhuizen 1987-1991. Uitleg (extra) 1986; 
2: nr. 64 
Ministerie van Onderwijs en Wetenschappen. Ho-ramingen 1990, Deel 1: WORSA. We­
tenschappelijk Onderwijs Ramingen Studenten Aantallen 1990-2005. Taakgroep 
Studentenramingen 1990 
Ministerie van Welzijn, Volksgezondheid en Cultuur. Notitie Taakstellingen Beroeps­
krachtenplanning Gezondheidszorg. Rijswijk 1988 
Ministerie van Welzijn, Volksgezondheid en Cultuur. Beroepskrachtenplanning Ge­
zondheidszorg. Rijswijk 1991 
247 
Literature 
Mitroff I, Sagasti F. Epistemiology as General Systems Theory: An Approach to the 
Design of Complex Decision-Making Experiments. Philosophy of the Social 
Sciences 1973; 3: 117-134 
Niessen LC, Weynant RJ. Causes of tooth loss in a veteran population. J Public Health 
Dentistry 1989; 49: 19-23 
Nijmeijer H, Schaft AJ van der. Nonlinear dynamical control systems. Springer-Verlag, 
Berlin 1990 
Nyman S, Westfeldt E, Sarhed G, Karring T. Role of "diseased" toot cementum in 
healing following treatment of periodontal disease. J Clinical Periodontology 
1988; 15: 464-468 
Oliver RC, Brown LJ, Loe H. An estimate of periodontal treatment needs in the US 
based on epidemiologic data. J Periodont 1989; 7: 371-380 
Papapanou PN, Wennstrom JL, Grondahl K. A 10-year retrospective study of periodon­
tal disease progression. J Clinical Periodontology 1989; 16: 403-411 
Peterson DW, Eberlein RL. Reality Check: a bridge between systems thinking and sys­
tem dynamics. System Dynamic Review 1994; 10: 159-174 
Phelps CE, Newhouse JP. Coinsurance and the demand for medical services. Rand-
Corp, R-964-1-OEO/NC, Santa Monica CA 1974 
Plasschaert AJM, Folmer M, Heuvel JLM van den, Jansen J, Opijnen L van, Theuns H, 
Wouters SU. Parodontale aandoeningen bij volwassen werknemers van enkele be­
drijven in Nederland. Ned Tijdschr Tandheelkd 1976; 83: 301-313 
Popper К von. Logik der Forschung: zur Erkenntnistheorie der modernen Naturwissen­
schaft. Springer, Wien 1935 
Quade ES. Analysis for public decisions. (3rd ed) North Holland, New York 1989 
Ramfjord SP. Clinical resaerch in periodontics. Proc Finn Dent Assoc 1980; 76: 195-
200 
Rossum GMJM van, Kalsbeek H. Tandartsbezoek en mondgezondheid. Een sociaal­
wetenschappelijk/tandheelkundig onderzoek. Basisrapport. Instituut voor 
Toegepaste Sociologie, Nijmegen 1985 
Sanden MAG van der. Mondhygiënisten in Nederland. Werkgroep "enquête" NVM. 
Oss 1980 
Sanden MAG van der. Samenvatting van het rapport "Mondhygiënisten in Nederland". 
Tijdschr Ned Ver Mondhyg 1980: 10-14 
Schaub RMH, Bouma J, Jansen J, Pilot T. De gezondheid van het parodontium van 
eerstejaars studenten. Ned Tijdschr Tandheelkd 1978; 85: 413-419 
Schaub RMH. Barriers to effective periodontal care. (PhD-thesis) Universiteit Gronin-
gen 1984 
Schaub RMH. Unplublished data from dental survey among recruits. Groningen, 1980 
248 
Literature 
Shanley D. Efficacy of treatment procedures in periodontics. Quintessence, Chicago 
1980 
Sheiham A. The epidemiology, etiology and public health aspects of periodontal dis­
ease. In: Periodontics in the tradition of Gottlieb and Orban. Grant DA, Stern IB, 
Listgarten MA (eds) CV Mosby, St Louis 1988, pp 216-251 
Smales FC, Sheiham A. Some results from a computer model for predicting the long 
term effects of periodontal therapy upon tooth loss in large populations. J 
Periodontal Res 1979; 14: 248-249 
Socransky SS, Haffajee AD, Goodson JM, Lindhe J. New concepts of destructive peri­
odontal disease. J Clinical Periodontology 1984; 11: 21-32 
Steketee EF. Literatuurrapport I en II. Sociale Tandheelkunde ACTA. Amsterdam 
1987 
Stuiver Ν, Hennephof EA, Schaub RMH. Vrouwelijke tandartsen aan het werk. Ned 
Tijdschr Tandheelk 1987; 94: 34-37 
Thissen WAH. Invesitigations into the club of Rome's World3 Model. Lessons for 
Understanding complicated models. (PhD-thesis) Universiteit Eindhoven 1978 
Train GJ, Burgersdijk RCW, Groeneveld A, Heling GWJ, Hof MA van 't, Kalsbeek H, 
Visser RSH. Landelijk Epidemiologisch Onderzoek Tandheelkunde. Resultaten 
Klinisch Onderzoek, deel II. Subfaculteit Tandheelkunde, NIPG. Nijmegen/Leiden 
1988 
Train GJ, Burgersdijk RCW, Groeneveld A, Heling GWJ, Hof MA van 't, Kalsbeek H, 
Visser RSH. Landelijke Epidemiologisch Onderzoek Tandheelkunde. Deel I. Inlei­
ding, opzet en methoden van onderzoek. Subfaculteit Tandheelkunde, NIPG. Nij­
megen/Leiden 1987 
Train GJ, Burgersdijk RCW, Kalsbeek H, Karsten RH, Hof MA van 't. Parodontale 
behandelbehoefte. Ned Tijdschr Tandheelkd 1989; 96: 175-8 
Train GJ, Hof MA van 't, Kalsbeek H, Frencken JE, König KG. Meta-analysis of 
caries surveys amongst 6- and 12-yr-old children in The Netherlands. Community 
Dent Oral Epidemiol 1993; 21: 249-252 
Train GJ, Klabbers JHG, Hoefnagels Η. Dentist: een interactief simulatiemodel van de 
tandheelkundige gezondheidszorg in Nederland. Intern rapport CE 80-17. 
Subfaculteit Tandheelkunde, Nijmegen 1980 
Truin GJ, Koel EC. Tandearles bij volwassenen; een verkennend onderzoek naar de 
gebitssituatie van 15- tot 65-jarige werknemers van enkele bedrijven in Neder­
land. Ned Tijdschr Tandheelkd 1977; 84: 210-213 
Train GJ, König KG, Bronkhorst EM. Caries prevalence in Belgium and The Nether-
lands. Int Dent J 1994; 44: 379-385 
249 
Literature 
Truin GJ, König KG, Ruiken HMHM, Vogels ALM, Elvers JWH. Caries prevalence 
and gingivitis in 5-, 7- and 10-year-old schoolchildren in The Hague between 
1969 and 1984. Caries Res 1986; 20: 131-140 
Truin GJ, König KG, Vogels ALM, Ruiken HMHM, Саграу J. Tandearles en gingivitis 
bij 5-, 7-, 9- en 11-jarige Haagse kinderen. Ned Tijdschr Tandheelkd 1980; 87: 
15-22 
Truin GJ, König KG, Vries HCB de, Mulder J, Plasschaert AJM. Caries prevalence in 
5-, 7-, and 11-year-old schoolchildren in The Hague between 1969 and 1989. 
Caries Res 1991;99:4-8 
Truin GJ, König KG, Vries HCB de, Mulder J, Plasschaert AJM. Tandearles bij vijf- en 
zevenjarige Haagse schoolkinderen. Verandert de tot nu toe dalende cariëspreva-
lentie bij de jeugd? Ned Tijdschr Tandheelkd 1991 ; 98: 492-495 
Truin GJ, Plasschaert AJM, König KG, Vogels ALM. Dental caries in 5-, 7-, 9- and 
11-year-old schoolchildren during a 9-year dental health campaign in The Hague. 
Community Dent Oral Epidemiol 1981; 9: 55-60 
Truin GJ. Een computer-simulatiemodel van de tandheelkundige gezondheidszorg. 
(PhD-thesis) Universiteit Nijmegen 1982 
Van der Vooren MA. Application of hierarchical control theory to wave-data assimila-
tion. (PhD-thesis) Universiteit Twente 1994 
Velden U van der, Zoete OJ de, Hesse M, Laat VHM de, Ruijter С de, Abbas F. Het 
voorkomen van parodontale afbraak bij jonge volwassenen in Amsterdam. Ned 
Tijdschr Tandheelkd 1986; 93: 397-401 
Vennix JAM. Mental models and computer models: design and evaluation of a com­
puter-based learning environment for policy-making. (PhD-thesis) Universteit 
Nijmegen 1990 
Visser RSH, Heling GWJ. Hof MA van 't, Truin GJ, Burgersdijk RCW, Groeneveld A, 
Kalsbeek H. Landelijk Epidemiologisch Onderzoek Tandheelkunde. Deel III. Re­
sultaten gedragswetenschappelijk onderzoek. Subfaculteit Tandheelkunde, NIPG. 
Nijmegen/Leiden 1988 
Vries HCB de. Oral health in schoolchildren in relation to (dental) health education. 
(PhD-thesis) Universteit Nijmegen 1989 
Westmaas-Jes MM, Kalsbeek H. De gebitstoestand bij 6- en 12- jarige kinderen in 
Noordoost Friesland. Ned Tijdschr Tandheelkd 1985; 92: 22-27 
Willemsen WL. Aspects of dental health in Dutch adults: changes and consequences. 
(PhD-thesis) Universteit Nijmegen 1994 
Ziekenfondsraad Jaarverslag Ziekenfondsraad, 1987-1991. Ziekenfondsraad, Amstel­
veen 
250 
Curriculum Vitae 
The author of this thesis was born in Gaanderen, on the 27th of October 1962. He com-
pleted secondary school education at the Isaia College in Silvolde in 1981. In that year 
he started the study Applied Mathematics at the University of Twente, where he 
graduated with distinction in 1987. From the year 1987 he works at the Department of 
Cariology and Endodontology, where he is currently employed as assistant professor. 
251 

Stellingen 
bij het proefschrift 
Modelling the Dutch Dental Health Care System 
a comprehensive system dynamic approach 
van 
Ewald Bronkhorst 
1 De relatief hoge drempel die beleidsmakers ondervinden bij het 
gebruik van complexe simulatiemodellen, impliceert zeker niet dat 
dergelijke modellen geen bijdrage kunnen leveren aan de ontwikkeling 
van beleid. 
2 Beleidsmakers in de gezondheidszorg zouden zich minder moeten 
fixeren op kostenbeheersing, maar de aandacht richten op 
mechanismen die er toe leiden dat het geld dat omgaat in de 
gezondheidszorg ook maximaal bijdraagt aan het in stand houden of 
verbeteren van de volksgezondheid. 
3 Het reduceren van de collectieve lasten gaat vaak gepaard met een 
meer dan evenredige verhoging van de collectieve individuele lasten. 
Dat dit desalniettemin in Den Haag zeer populair is, geeft aan dat 
ideologie zwaarder weegt dan het belang van de bevolking. 
4 Uit het feit dat het werk beschreven in dit proefschrift invloed heeft 
gehad op de besluitvorming, blijkt dat regeerders toch wel eens vooruit 
zien. 
5 Door de keuze de waardering van wetenschappelijk werk vooral te 
baseren op publicaties in internationale wetenschappelijke 
tijdschriften, wordt onderzoek dat zich richt op vraagstukken die een 
typisch Nederlands karakter hebben benadeeld. 
6 Om verblinding door de zon in het verkeer te beperken, zouden 
forensen zich moeten vestigen ten oosten van de plaats waar zij 
werken. 
7 Harmonie- en fanfareorkesten gedijen het beste in kleine 
gemeenschappen. 
8 Verandering van iemands stijl van kleden is niet zozeer gebaseerd op 
een veranderd inzicht, maar eerder op een veranderd uitzicht. 
9 Winkelbedrijven die het tijdstip waarop ze hun goederen bezorgen niet 
aan kunnen geven, zijn wèl goed in het verjagen van hun klanten. 
10 Gezien de huidige smaak van de Nederlandse bevolking, zou de 
betekenis van de uitdrukking „Daar lust ik wel pap van" aangepast 
dienen te worden. 


